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Appendlx C contams tables summanzing the samples collected and laboratory analyses performed for 
each sample by medium Tables are mcluded for the followmg media 

Surfacesoil 

Subsurface Soil (Trench samples) 

Surfacewater 

Sedment 

Groundwater 

Biota (Aquatlc, Vegetation, and Small Mammal samples) 

Table C- 1 a 

Table C- 1 b 

Table C-2 

Table C-3 

Table C 4 c  

Table C-5 

Table C-6a 

Table C-6b 

Table C-7 

Table C-8 

Table C-9 

Table C- 10 

Table C- 1 1 

Table C-12 

0 Table C-13 

Summary of Surface-Soil Samples - Samphg Method CDH Method 

Summary of Surface-Soil Samples - Samphg Method Modified Hazel Method 

Summary of Sod-Trench Samples 

Summary of DrrunageDitch Surface-Water Samples 

Summary of Reservoir Surface-Water Samples - Lake Data Group Reservou IHSS 200 

Summary of Reservoir Surface-Water Samples - Lake Data Group Reservou IHSS 201 

Summary of Reservoir Surface-Water Samples - Lake Data Group Reservov MSS 202 

Summary of Nearshore Sediment Samples (Grab and Core Samples) 

Summary of Reservoir Grab Samples 

Summary of Vertrcal S b n t  Cores from Reservom 

Summary of Groundwater Samplmg 

Summary of Mammal Samples 

Summary of Vegetatlon Samples 

Summary of Fish-Tissue Samplmg 

Summary of Benthos Sampling 

Summary of Penphyton Sampling 

Summary of Bioassay Samphg 

c- 1 



Table C-1 a 
Summary of Surface Soil Samples 
Sampling Method CDH Method 

PT16392 SS04076CH Radionuclides (Total) 09 Jul92 
P T16492 SS04078CH Radionuclides (Total) 09 Feb93 



Table G l a  
Summary of Surface Soil Samples 
Sampling Method CDH Method e 



Table C-1 b 
Summary of Surface Soil Samples 

Sampling Method Modified Hazel Method 
Station ID QC Type Sample Number Analysts Date Collected Comments 
PT12592 SS04001 CH Radionuclides (Total) 02 Jun 93 
PT12692 SS04003CH Radionuclides (Totall 02 Jun 93 



Table Gl b 
Summary of Surface Soil Samples 

Sampling Method Modified Hazel Method 



Table C-2 
Summary of Sol1 Tronch Samples 





Table C-2 
Summaly of Soil Trmch Sunples 



Table C-2 
Summry of Sol Tronch s.mpk. 



TaMo 6 2  
Summary of Soil Tmch Samples 





I 



Table 63 
Summary of DrainagdDitch Surface Water Samples 

Locatan 
SWOOl92 
SW00192 
SWOO192 
SWOO192 

Comments COlEected 
SWO1938WCU3 AM241 05 Jun 92 
SWO1938WCU3 Chlonne 05Jun 92 
SWOl938@&JJ3 CN 05Jun-92 
SWOI 938w6U3 C03 Carbonate 05Jun 92 

QC ~ y p e  Sample NU- Analysis Plan10 

I 



Table 63 
Summary of DnunagalDitch Surface Water Samples 



I 

Locaton 
SWOO192 

m 

* 

a 

Me Comments Collected 
RNS SW80219WCU3 TSS 05 Jun 92 

PlanID Q C T ~ ~  Sampie~umber Analysis 

Table 63 
Summary of DrainagdDitch Surface Water Samples 



Table 63 
Summary of DrainagalDitch Surface Water Samples 



Table C-3 
Summary of Drainage/Ditch Surface Water Samples 

Sample 
LoCarlon 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 

QCTYP 
Work 

PlanlD 

I 

SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
SW00692 

Sample Number 

SWO1940WCU3MS 
SWO1940WCU3MS 
SWOl940WCU3MS 
SWOI 940WCU3MS 
SWOl940WCU3MS 

SW00692. 
SW00692 
SW00692 DUP 
SW00692 DUP 
SW00692 DUP 
SW00692 DUP 
SW00692 DUP 
SW00692 DUD 

Date Comments Collected 
CN 09 Jun 92 
C03 Carbonate 09 Jun 92 
Fluoride 09 Jun-92 
Gross Alpha 09 Jun 92 
Gross Beta 09 Jun 92 

Analysls 

I 

SWO1940WCU3MS 
SW01940WCU3MS 
SWO1940WCU3MS 
SWOl940WCU3MS 
SW01940WCU3MS 

SW00692 I I DUD 

H2S O9Jun 92 
HC03 BlCarbonate O9Jun 92 
MET (A) CLP 09 Jun 92 
MET (S) CLP O9Jun 92 
NH3 AS N O9Jun 92 

~ I - - r  

SW00692 I I RNS 

SW00692 
SW00692 
SW00692 
SW00692 
SW00692 
S WOO692 
SW00692 
SW00692 
SW00692 

-""""""'I 
SW00692 

DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUP 
DUD 

I I 

SW00692 I I RNS 

SW8022OWCU3 
SW8022OWCU3 
SW8022OWCU3 
SW8022OWCU3 

NH3 AS N 09 Juri-92 
0 Phos 09 Jun 92 
OiVGrease 09 Jun 92 
Phos 09 Jun 92 

SW8022OWCU3 Gross Alpha 09 Jun 92 
SW8022OWCU3 Gross Beta 09 Jun 92 
SW8022OWCU3 H2S 09 Jun 92 
SW8022OWCU3 HC03 BlCarbonate 09 Jun 92 
SW8022OWCU3 MET (A) CLP 09 Jun 92 
SW8022OWCU3 MET (SI CLP 09 Jun 92 

I I 

SW80221 WCU3 IC03 Carbonate I 09 Jun 92 1 I 



Table 63 
Summary of DrsunagedDitch Surfacg Water Samples 

~ 

comments collected 
sa- work 

RNS w8Q221wcu3 Fluorlde 094111-92 s w m 2  . S 
SWooS92 RNS SW80221WCU3 GrosAbha 09JUn-92 

Loceth PlanD clc- SampkNUmber 

swoon2 
SW00792 
sw00792 
sw00792 WO 
sw00792 
sw00792 

SW00792 
SW00792 swo 

SVI 

I I 

09Jun-92 
wc113TDs 093Un-92 
MfW3 TrlaaneS639 093Un-92 
WCU3 TSS 091km-92 
wwJ3 u-m W n - 9 2  
W 3  AM241 23a-92 

I I 

WW3 SO4Sulfane 23-od-92 
wcu3 TDS 236c1-92 
WCU3 Trmnes619 23433-82 
wcu3 TSS 234ct-92 
wcu3 u-tso 23.od 92 

I I 

WW3 SO4Sulfane 123-od-92 1 
1236e1-92 I 

wcu3 tu-tso I23.od92 I 



Table C 4  
Summary of DrainagdDitch Surface Water Samples * 

a 

a 

Locatlon PlanID Saq Sample work OCType 

SW00792 WO-3 RNS S\II 
SWOO792 WO-3 RNS Slll 
SW00792 WO-3 RNS SN 
SW00792 WO-3 RNS S\II 

swoo892 swo 
SW00892 swo 

SW00892 
SW00892 
SW00892 
SW00892 I I I swo 
SW00892 I I swo 
SW00892 
SW00892 
SW00892 

WOO892 

Date comments Collected ik Number Analysis 

17004CH Radionuclldes (DISSOLVED) 09 JuI-92 
37004CH Radionuclides (Total) 09 JuI-92 
17004CH Sulfii 09Jul92 
17004CH Total Phos, "4, NO2, NO3 09Jul92 

17005CH Herbicides (Atrazine 8 Simazine) 18 Jul-92 
17005CH Cyanide (Total) 09 JuI-92 

17005CH Maior Anions 09 Jul-92 ..__ 

37005CH M&s (DISSOLVED) 09Jul92 

17005CH Oil & Grease 09Jul92 
37005CH Metals (Total) 09 JuI-92 

942WCU3 TDS 239ct 92 
942WCU3 Triazines 619 23-Oct 92 
942WCU3 TSS 23-Oct 92 
1942WCU3 U IS0 23-Ocl92 



Table C4a 
Summary of Resenrolr Surface Water Samples 

LAKE Data GrOUD 

Sample 

Y SWOl392 
Y Sw01392 

Collocated with Date 
collected Analysis Work QC Sample 

SW07104CH CYANIDE (TOTAL) 31 Aug 92 Sediment Core SEWS592 
SW07104CH HERBICIDES (ATRAZINE h SIMAZINE) 31 Aug-92 Sediment Core SEWS592 

- 

I Y I SWOl792 I I I SW07108CH lORTHoPHoSPHATE 

1 Y Isw 
I ~ . . .  ._ - ~ . . ~ ~ - . .  -. 

Y SWOl792 I I I SW07108CH IRADIONUCUDES (DISSOLVED) I 15 Sep92 I Wmnt Core S E W 9 2  
01792 I I SW07108CH IRADlONUCUDtS I 15s-92 I sed iment CoresEbog2 92 

Y SWOl792 SW07108CH SULFIDE 15 Sep-92 sediment Core SED09292 
Y SWO1792 SW07108CH TOTALPHOS "4 NO2 NO3 15 Sep-92 Sediment Core SED09292 

SW02192 WN11 SW07007CH CYANIDE (TOTAL) 1 5 Jul-92 
SW02192 WN 11 SWO7007CH HERBICIDES (ATRAZINE 8. SIMAZINE) 15Jul-92 



Table C4a 
Summary of Reservoir Surface Water Samples 

LAKE Data G ~ U D  

I .  



Table C4a 
Summary of Reservoir Surface Water Samples 

LAKE Data GrOUD ebcasd Collocated with Date 
Collected 

Sample Work QC Sample 
Location PlanID Type Number 
SW02392 SW07009CH SULFIDE 16JuI-92 
SW02392 SW07009CH TOTALPHOS NH4 NO2 NO3 16JuI-92 

Analysis 

I I SW02392 I I I SW07207CH ICYANIDE flOTALI Io2-oct92 I I 

92 
92 
92 

Sw02492 92 
SW02492, 92 

I I SW07208CH ITOTALPHOS NH4 NO2 NO3 I 02-0ct92 





Table C 4 b  
Summary of Remvoir Surface Water Samples 

LAKE Data Grou 



Table U b  

I 

I I WO3192I MT 14 I 
I I I I 

ISWWZ 
SWO3192 WO-14 SW7219( 
SWO3192 W 1 4  swo7219( 
SwW192 wO.14 SWO721fH 
SWO3192 W 1 4  swo7219( 
SWU3192 W 1 4  SWO7219l 



Table C4b 
Summary of Reservoir Surface Water Samples I 



Table C4b 



Table C4c  
Summary of Reservoir Surface Water Samples 

LAKE Data Group 

Date 
collected Analysis Sample WorkMan QC Sample 

collocatdwith 

I Y  I SW01892 I I ISWO7109CH I METALS (TOTAL) I 14-Se0-92 I SediitCoreSEWB892 I 



Table C-4c 

c 

a 



Table C 4 c  
Summary of Reservoir Surface Water Samples 

LAKE Data Group 







Table C-5 
Summary of Nearshore Sediment Snmpkr (Grab and Corn Sampba) 



Table cb 
Summary of Neamhore Sediment Samples (Grab and Corn Sampk.) 



Table C-5 
Summary of Nearshore Sediment Samples (Qrab and Corn Samples) 

I SampleNumber I Sample Analysur code 

ED04492 I SDOO368WCU3 ISlEVE TEST (GRAIN SIZE) 

05JUn-92 G G '  RNS 
05JUn-92 GRAB RNS 
wun-92 GRAB RNS 



Tabla C-6 
Summaw of Noanhorn Sediment Sample8 (&ab and Corn Samples) 

I 
I 



Table G5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 

p d o n  
code 

SE004692 
SED04692 
SED04692 
SED04792 
S E W 9 2  
SED04792 
SED04792 
SED04792 
S E W 9 2  
SED04792 
SED04792 
SED04792 
SED04892 
SEW4892 
SED04892 
SED04892 
SED04892 
SED04892 
SED04892 
SED04892 
SED04892 
SED04992 
SEM)4992 
SED04992 

SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
S EW992  
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 
SED04992 1- 
ED04992 

SED04992 

sDoo385wcI 
SDoo385WCl 
SwO385wCI 
Sw0385WCI 
SDoo385WCI 
SDoo385WCI 
SDoo384WCI 
SDoo384WCI 
Swo384WCI 
SDoo384WCI 
SDoo384WCI 
Swo384WCI 
SDo0384WCI 
SDoo384WCI 
SDo0384WCI 
sooo384wcI 
sDoo384wc1 
SDoo384WCI 
SDoo418WCI 
SDoo418WCl 
SDoo418WCI 
Swo419WCI 
SDoo419WCl 
SD00419WCI 
SDoo42OWCI 
SDoo42OWCI 
SDoo42OWCI 
sDoo421 WCI 
sDoo421 WCI 
sDoo421 WCI 
SDoo422WCI 
SDoo422WCI 
sDoo422wc1 
SDoo423WCI 
SDoo423WCI 
SD00423WCI 
sw80208wcI 
SW80208WCI 
SW80208WCI 

Aw: 
Tim 

REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
REAL 
DUP 
DUP 
m 

- 

- 

- 

- - 



Table C-S 
Summary of Neanhore Sediment Sampbs (Grab and Corn Sampbs) 



l a  ble CS 
Summary of Nearshore Sediment Samples (Grab and Con, Samples) 

. .  
PLUTONIUM 239440 1 2. 
SR89I90 1 2, 
u-IS0 1 2, 
AM241 12 
CS137 BY GAMMA OR RADIOCESIUM 12 
GROSS ALPHA 12 
GROSS BETA 12 
MET (A) U P  12 
MET (S) CLP 12 
PLUTONIUM 2391240 12 



Table C-5 
Summary of Nearshore Sediment Sampba (Grab and Core Sampk.) 



l a  ble C-5 
Summary of Nearshore Sediment Sampks (Grab and Core Sampks) 



Table C-5 
Summary of ffearshom Sediment Sampbs (Gmb and Cora Sampbs) 



Table G5 
Summary of Nearshore Sediment Samples (Grab and Core Samples) 



Table CS 
Summary o f  Nearrhore Sediment Sampb8 (Grab and Cor, Samples) 



Table M a  



Table G6a 

SDO6206cH lMETALS/CYA"IE 



SD06206CH 
SED12792 I WN 13 I SD06008CH 
SED12792 I WN13 I SD06008CH _ _ ~  ~ - I 

SED12792 I WNI3 I SW6207CH _ _ ~  ~ -~ 

SDO6207CH 
SED12892 SDO6132CH 
SED12892 SDO6132CH 
SED12992 ss2 SDO6133CH 
SED12992 I ss2 I sDo6133cH 
SED13092 I SS3 SDO6134CH 
SED13092 ss3 SW6134CH 
SEDl 31 92 SS4 SW6135CH 
SEDl 31 92 SDO6135CH 
SEDl 3292 SDO6136CH 
SED1 3292 SS8 SD06136CH 
SED13392 ss9 SD06137CH 
SED13392 ss9 SW6137CH 
SED13492 SS13 I SW6138CH 

SD06149CH 
SED14492 SD06149CH 

SD06150CH 

Table C-6a 
3esenroir Grab Samples 

RADIONUCLIDES 29 Sep 92 
METALS / CYANIDE 14 Jul92 
RADIONUCLIDES 14 Jul92 
METALS / CYANIDE 29 Sep 92 
RADIONUCLIDES 29 Sep 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug 92 
METALS / CYANIDE 27 Aug-92 

Sample Analysis Date Collected 

- 
RADIONUCLIDES I 27-Au~-92 
METALS / CYANIDE I 27Aua-92 
RADIONUCLIDES 27 Aui 92 
METALS / CYANIDE 27 Aua-92 

METALS / CYANIDE 27 Aua 92 
RADIONUCLIDES ' 27 Aui 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug 92 
METALS / CYANIDE 28 Aua 92 

RADIONUCLIDES 27 Aug 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug 92 
METALS I CYANIDE 02 Sep 92 
RADIONUCLIDES 02 Sep 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug 92 
METALS / CYANIDE 27 Aug 92 
RAD ION UCLIDES 27 Aug 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug-92 
METALS I CYANIDE 28 Aua 92 ~~- ~ 

RADIONUCLIDES 28 Aui 92 
CYANIDE 28 Aua 92 -~ - 

METALS 28 Aui 92 
RAD ION UCLl DES 28 Aug 92 
METALS / CYANIDE 27 Aug 92 
RADIONUCLIDES 27 Aug 92 
METALS / CYANIDE 28 Aug 92 
RAD ION UCLl DES 28 Aug 92 
METALS / CYANIDE 28 Aug 92 





Summary of 
Location 

code 
SED1 5292 

Workplan SaqleNu,& 
WO-12 SDO6211 CH 

ID 

SED1 5292 
SED15292 
SEDl 5392 
SED15392 
SED1 5392 
SED1 5392 
SED15392 
SED15392 
SED1 5392 

WO-12 SDO6211 CH 
WO-12 SW6211 CH 

SDO6155CH 
SDO6155CH 
SO061 55CH 

WO-13 SDO601 1 CH 
WO-13 SDO6011 CH 
WO-13 SW6011cH 
WO-13 SDO6013CH 

SED15392 1 WO-13 I SDO6014CH 
SED15392 I WO-13 I SDO6014CH 

~ 

SED15392 WO-13 
SED15392 WO-13 
SEDl 5392 WO-13 

I I 

SED15392 I WO-13 I SDO6014CH 

- . _ _  

SDO6013CH 
SDO6013CH 
SDO6014cH 

SDO6212CH 
SED15392 SW6212CH 
SED1 5392 sDO6212CH 
SED15492 SO061 56CH 

RADIONUCLIDES 
voc 

22 Jul-92 
224~1-92 

SED15492 
SEDl 5592 
SED15592 
SED1 5692 
SED15692 
SED1 5792 
SED 1 5792 
SED1 5892 
SED15892 
SEDl 5992 

Table G6a 
Seservolr Grab Samples 

Sample Analysis Date Collected 
0 6 0 9  92 CYANIDE 

METALS 06a-92 
RADIONUCLIDES 06- 92 
METALS / CYANIDE 10 Sep-92 
RADIONUCLIDES 10-Sep-92 
voc 10-Sep-92 
METALS / CYANIDE 223~1-92 
RADIONUCLIDES 22Ju1-92 
voc 22Jul-92 
METALS / CYANIDE 22411 92 

SDO6156CH 
SDO6157cH 
SW6157CH 
SDO6158CH 
SDO6158CH 
sDo6159cH 
SDO6159CH 
SDO6160CH 
SW6160CH 
SDO6161 CH 

METALS 223~192 

RADIONUCLIDES 
METALS / CYANIDE 
RADIONUCLIDES 
METALS / CYANIDE 
RADIONUCLIDES 
METALS / CYANIDE 
RADIONUCLIDES 
METALS / CYANIDE 
RADIONUCLIDES 
METALS / CYANIDE 

' 1 0-Sip-92 
10-Sep-92 
10 Sep-92 
10 Sep-92 
10-Sep-92 

10-Sep-92 
10 Sep-92 
10-Sep-92 
1 0-Seb-92 

10-sep-92 

METALS / CYANIDE 10-Sep 92 

METALS / CYANIDE 
RADIONUCLIDES 

10 Sep-92 
1 0 - S ~  92 

SED1 6092 
SED16092 
SEDl 61 92 
SEDl 61 92 

SDO6163CH 
sDO6163cH 
sDO6154cH 
SDO6154CH 

SED16192 1 SDO6154CH 

METALS / CYANIDE 
RADIONUCLIDES 
METALS / CYANIDE 
RADIONUCLIDES 
voc 

' 10-Sep92 
10 Sep-92 
10-Sep-92 
10-Sep-92 
10 Sw92 



Table C-6b 
Summary of Vertical Sediment Cores from Resenroirs 



Table G6b 
Summary of Vertical Sediment Cores from ~ n r o i n ,  



Table C-6b 
Summary of Vertical Sediment Cores from Reservoirs 

Sample Analysis Sample Depth Depth Depth 
Number From To Una .ocatnn Code 

SED08592 SDO6521CH 8 10 IN RADIONUCLIDES, CS137, PO210 
SED08592 SDO6522CH 10 12 IN METALS / CYANIDE - 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 
SE 

- 
- - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

iD08592 SDO6522CH 10 
io08592 SDO6523CH 12 
ID08592 SD06523CH 12 
3308692 SDO6545CH 0 
ID08692 SD06545CH 0 
iD08692 SD06546CH 2 
ID08692 SDO6546CH 2 
iD08692 SD06547CH 4 
iD08692 SD06547CH 4 

SDO6549CH 

iD08692 SD06555CH 18 
iD08692 SD06555CH 18 
iD08692 SD06556CH 20 

. 
IN RADIONUCLIDES, CS137, PO210 
IN METALS / CYANIDE 
IN RADIONUCLIDES, CS137, PO210 
IN METALS / CYANIDE 
IN RADIONUCLIDES, (3137, PO210 

SED08692 SDO6556CH 20 22 IN RADIONUCLIDES, CS137, PO210 
SED08692 SD06557CH 22 24 IN METALS / CYANIDE 
SED08692 SD06557CH 22 24 IN RA610NUCLIDES, CS137, PO210 
SED08692 SDO6558CH 24 26 IN METALS / CYANIDE 

SED08792 SD06576CH IN RADIONUCLIDES (337, PO210 
SED08792 SD06577CH 6 1  8 1  IN METALS / CYANIDE 

==I 01 Seo92 

01 Seck92 
01 Sep92 
01 Sep92 
01 Sep92 
01 Sep92 
01 Sep92 
01 Sep92 
01 Sep92 
01 Sep92 

I 01 Sep92 



Table G6b 
Summary of Vertical Sediment Cores from Reservoirs 



Table C-6b 
Summary of Vertical Sediment Cores from Reservoirs 

SED09092 S006722CH 6 8 IN RADIONUCLIDES, CS137, PO210 14-Sip 92 
SED09092 SDO6723CH 8 10 IN METALS / CYANIDE 14-Sep-92 
SED09092 SDO6723CH 8 10 IN RADIONUCLIDES, CS137, PO21 0 14 Sep 92 
SED09092 SD06724CH 10 12 IN METALS / CYANIDE 14 Sep-92 
SED09092 SD06724CH 10 12 IN RADIONUCLIDES, CS137, PO210 14-Sep-92 
SED091 92 SD06603CH 0 2 IN METALS / CYANIDE 02 Seo-92 

I 



Table G6b 
Summary of Vertical Sediment Cores from Resenroirs 



Table C-7 
Summary of Groundwater Sampling 

i 



Table C-7 
Summary of Groundwater Sampling 

~ :-,>- - . a -  



Table C-7 
Summary of Groundwater Sampling 





Table C-7 
Summary of Groundwater Sampling 

49292 
491 92 

GWOll35WC N03/N02 26-JuI-93 
GW01220WC METALS (FILTERED) 27-Aug-93 

I 



Table C-7 
Summary of Groundwater Sampling 



Table C-8 

81000892 
81001092 
81001092 
81001092 
Bl001192 
81001 192 

I 81000892 RADS I 2 
B103338CH RADS 2 17Jul92 
B103309CH RADS 2 09-Aug-92 
B103310CH RADS 2 09 Aug-92 
810331 1CH RADS 3 09-Aug-92 
B103327CH RADS 2 28-Jul92 
B103328CH RADS 3 26-Jul92 

81001 192 
81001292 

B103329CH RADS 3 28Jul92 
8103300CH RADS 1 28 Jul92 

I 81001492 I B103313CH I RADS I 1 I 29 Jul92 I 

I 81002092 I 8103325CH I RADS I 1 I 13 Aug-92 
81002092 8103326CH RADS 1 13 Aucr-92 I 



Table G9 
Summary of Vegetation Samph 

81001292 
81001292 
61001292 
Bl00 1292 

BIo3056CH Rads Wl-92  
B103057Ui Rads 203ul-92 
B103058CH Rads w-92 
B103059CH Rads 2oJul-92 

81001292 B10306OCH 
81001492 BI(Mo66cH 

1 81001492 I B103067CH I Rads I 27=Jul-92 

Rads 203ul-92 
Rads 2 7 4 4 2  

81001492 BK)3069( 
01001492 8103070( 
81001892 B103086( 
BMJ1892 Bt(w0891 
61001892 81o3090( 
B1001992 BIQ3091 

Y Fiads 27-JU1-92 
rl Rads nJUl-92 
H Rads 273ul-92 
H Rads 214-92 
Y Rads 213ul-92 
i Rads 21 4-92 
H Rads 06-AUa-92 

BIOO2092 B103099CH Rads 07-AlQ-92 
61002092 B1031OOCH Rerds 07-w 



Table G10 
Summary of Fish Tissue Sampling 

Location 
code 

Date Tissue Common Analysis Battle Code WorkPlan Sample 
ID Number Code Gmup 

LINDSEY REF 
LINDSEY REF 
LINDSEY REF 
LINDSEY REF 

;REAT WESTERN RESERVOIR 
81017192 I WN 11 I B103724CH I WBX I 1 

B10372OCH WB 6 RA, RB, RC, M 08-ocl92 
B103721CH WB 6 RA,RB,RC,M 084% 92 
B103722CH M 7 RA,RB,RC,M 084%92 
B103723CH M 7 RA,RB,RC,M 084% 92 

8101 71 92 
8101 71 92 
81017192 
BlOl7192 

RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 

B103728CH 
MIN 4 

14 Jut 92 
14-Jul92 

30 Sep 92 
30 Sep-92 
15Jul92 

81017192 I WN 11 I B103730CH I MIN I 4 

RA, RB, RC, M 
RA, RB, RC, M 
RA,RB RC M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RBI RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA. RB. RC. M 

81017292 I WN 11 I B103727CH I WB I 3 

30 Sep 92 
113ul92 

30 Sep 92 
30 Sep 92 
15 Jul92 

30 Sep 92 
30 Sep 92 
14-Jul92 
14 Jul92 

30 Sep 92 
30 Seo 92 

81017292 I WN 12 I B103732CH I WBX I 1 

IRA, RB. RC. M I 2 2 4  92 

81017292 
BlOl7292 
81017292 
8101 7292 
81017292 
81017292 
BlOl7392 
8101 7392 
8101 7392 
81017392 
81017392 

RA, RB, RC, M 
WOWER RESERVOIR 

2 2 4  92 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA, RB, RC, M 
RA. RB. RC. M 

RA, RB, RC, M I 30Se~92  

17 Jul92 
084% 92 
22 Jul92 
084% 92 
086ct 92 

RA. RB, RC, M I 14-Jul92 
RA, RB, RC, M I 14Jul92 

~~ ~ ~~ 

RA. RB. RC. M I -07oct92 
RA. RB. RC. M I 0703 92 



Table G l O  
Summary of Fish Tissue Sampling 

Location 
code 

81017792 

Workplan semple T i e  Commm (3dleded M e  
ID Number. WQOtlp I 

WO-12 BIo3754cH WB 6 RkR6.RC.M 224~192 

I 81017792 1 WO-12 BKl3757CH MIL 7 RA,RB,RC,M 
~ 81017792 I WO-12 BlO37SCI-l MR 7 RARB,&M 07-W-92 
ISTANDLEYUKE 

61018292 WO-15 B103773CH we 3 RA,RB,RC,M 16oc1-92 
81018292 WO-15 BlO3774CH WB 8 Wm,m,M l4-OCt-92 
81018292 WO-15 BiU377W-l WB 8 RAR8.WC.M 3oJul-92 

81018292 1 WO-15 I B103777CH I WB I 10 IRARB.RC.M I 1906-92 

81018292 I WO-15 I B103778Cf-l I 10 IRA,RB,RC,M I 

81018492 I WO-16 I B103787CH WB I 8 1RA.RB.RC.M I 31411-92 
~ ~~ 

81018492 1 W016 I Bl03788CH 1 WB I 10 kA.R6.RC.M I 31Jul-92 



Table C-10 
Summary of Fish Tissue Sampling 

Location 
code 

Date Tissue Common Analysis Battle Codel collected WorkPlan Sample 
ID Number code GrouD 

~ ~~ I 81018492 I WO-16 1 B103789CH I WB I i o  ~ ~RA,RB,RC,M ~ I 14-Oct921 
I 81018492 I WO 16 I B10379OCH I WB I 10 IRA. RB. RC. M I 14-Ocl921 



Table Gl 1 
Summary of Benthos Sampling 

BIOI 5292 wo-2 0 BENTHOS ~ B1036OxH 
81015292 We2 R1 BuvTHos BI03604CH 
B1015292 wo-2 R2 BENTHOS BfO3605cH 

~~~ ~ 

WALNUTcRfEK 
B1015192 WN-30 BENTHOS B1036OOCH SPEC /ENUM. 08JUl-92 
810151 92 WNS R1 BENTHOS B103601CH SPEC /WM 08-Jul92 
81015192 wN9 R2 BENTHOS B103602(m SPEC/ENUM 08Jul-92 

SPEC/ENUM 133ul-92 
SPEC/uvUM. 1 3 4  92 
S P E C J W M  13-Jul-92 

81017692 wo-110 BENTHOS B103571CH SPEC /ENUM 
BlOl7692 wo-110 BENTHOS B103574CH SPEC /W 
8101 7692 wo-110 BENTHOS BtO3618CH SPEC/E1JuM 
BlOl7692 wo-110 BENTHOS BlO3621CH SPEC / ENUM 

BIGDRYCREEK 
81015392 W0-30 BENTHOS B103606CH SPEC/ENUM 09JUl92 
81015392 wo-3 R1 BENTHOS B103607Cfi SPEC/ENUM w l - 9 2  
8101 5392 wQ3R2 BENTHOS B103608CH S P E C / W  09Ju142 

81017192 wN110 BENTHOS B103562CH SPEC /ENUM 
8101 71 92 WN 11 0 BENTHOS BI03609CH SPEC/MUM 113ul-92 

GREATW€SERNRESERVOlR 

06-Oc1-92 
06-(TCl-92 
17Ju1-92 
17d-92 

I 1 . 
B1017192 1 WN-11 R1 I BENTHOS I B103563CH ISPEC /MUM 294-92 I 

8101 7392 WN-13 0 BENTHOS B103615CH SPEC/ENUM 11-Jul-92 
6101 7392 WN13R1 BENTHOS BIO3569Ui SFEC/ENUM 29-m-92 
81017392 WN-13 R1 BENTHOS B103616CH SPEC /EWM 11-Jul-92 
8101 7392 WN-13R2 BENTHOS B103ROcH SPEC /ENUM 29-s- 
81017392 wN 13R2 BENTHOS B103617CH SPEC /EWM 113ul-92 

I 81017692 I WO-11 Rl I BENTHOS I BI03512cH ISPEC /ENUM I 06-Oct-92 I 



Table C-1 1 
Summary of Benthos Sampling 

Locatlon Code 

8101 7692 
BlOl7692 

Sample Analysis Date Collected 

WO 11 R1 BENTHOS B103575CH SPEC / ENUM 06-ocl92 
WO 11 R1 BENTHOS B103619CH SPEC / ENUM 17 Jul92 

Number Work Plan ID Matrot 

8101 7692 
81017692 
BlOl7692 
81017692 
8101 7692 

WO 11 R1 BENTHOS B103622CH SPEC / ENUM 17Jul 92 
WO-11 R2 BENTHOS B103573CH SPEC / ENUM 06-Oct 92 
WO-11 R2 BENTHOS B103576CH SPEC / ENUM 06-0ct 92 
WO-11 R2 BENTHOS B103620CH SPEC I ENUM 17Jul92 
WO-11 R2 BENTHOS B103623CH SPEC I ENUM 17 Jul92 

81017792 
BlOl7792 
B1017792 

WO-12 0 BENTHOS B103577CH SPEC IENUM 06Ud 92 
WO-12 0 BENTHOS B103624CH SPEC /ENUM 17Jul92 
WO 12 R1 BENTHOS B103578CH SPEC I ENUM 06-0ct 92 

B1017792 
B1017792 
8101 7792 

WO-12 Rl BENTHOS B103625CH SPEC I ENUM 17-Jul-92 
WO-12 R2 BENTHOS B103579CH SPEC I ENUM 06-0ct-92 
WO-12 R2 BENTHOS B103626CH SPEC I ENUM 17-Jul-92 

8101 7892 
BlOl7892 
8101 7892 
8101 7892 
81017892 

WO-13 0 BENTHOS B103580CH SPEC I ENUM 06-ocl92 
WO 13 0 BENTHOS 8103627CH SPEC I ENUM 17-Jul92 
WO-13 R1 BENTHOS 8103581 CH SPEC I ENUM 06-W 92 
WO-13 R1 BENTHOS 8103628CH SPEC / ENUM 17-Jul92 
WO 13 R2 BENTHOS B103582CH SPEC / ENUM 06-oCt 92 

81018292 I WO 15 R1 I BENTHOS I B103587CH ISPEC /ENUM I 13Oct921 

81018192 
81018192 
81018192 
BlOl8192 

WO 140 BENTHOS 8103583CH SPEC / ENUM 13-0ct 92 
WO 140 BENTHOS B103630CH SPEC / ENUM 29 Jul92 
WO-14 0 BENTHOS B103633CH SPEC / ENUM 29-Jul92 
WO 14 R1 BENTHOS B103584CH SPEC / ENUM 13-Oct 92 

81018192 
BlOl8192 

WO 14 Rl BENTHOS B103631CH SPEC / ENUM 29 Jul92 
WO 14 Rl BENTHOS B103634CH SPEC / ENUM 29 Jul92 

81018192 
81018192 
81018192 

WO 14 R2 BENTHOS B103585CH SPEC / ENUM 13 Oct 92 
WO 14 R2 BENTHOS Bl03632CH SPEC /ENUM 29Jul92 
WO 14 R2 BENTHOS B103635CH SPEC / ENUM 29-Jul92 

81018292 
81018292 

W0150 BENTHOS B103586CH SPEC / ENUM 13Ud92 
W0150 BENTHOS B103636CH SPEC / ENUM 30-Jul 92 

81018292 
81018292 
8101 8292 

WO 15 R1 BENTHOS B103637CH SPEC / ENUM 3Wul92 
WO 15 R2 BENTHOS B103588CH SPEC / ENUM 13-ocl92 
WO 15 R2 BENTHOS B103638CH SPEC / ENUM 30 Jul92 

8101 8392 
BlOl8392 
61018392 

WO 170  BENTHOS B103589CH SPEC / ENUM 13- 92 
WO 170 BENTHOS B103639CH SPEC / ENUM 29Jul92 
WO 17 R1 BENTHOS B103590CH SPEC / ENUM 13-Oct 92 



Table G11 
Summary of Benthos Sampling 

BlOl8492 
BIO18492 

B1018392 WO-17R2 BENTHOS B103591CH SPEC/ENuM 1-92 
BIOl8392 WO-17R2 BENTHOS 8103641CH SPEC/ENUM 29-JlJl-92 

WO-16 0 BENTHOS B I W W  SPEC /ENUM 16oct-92 
WO-16 0 BENTHOS BJo3bcxH §PEC/EMuM 05-Aua-92 

81018492 
BIOI 8492 
81018492 

WO-16 R1 BENTHOS BIO3843CH SPEC /W 05-Aug-92 
WO-16R2 BENTHOS I BIlBS4Cti spEc/ENUM 16oct-92 
WO-16R2 BENTHOS 8103644CH S P E C / W  05-AlKl-92 

81018492 WO-16R1 BENTHOS B103593Ct-i [SPEC /W 1403-92 



Table C-12 
Summary of Periphyton Sampling 

Code Comments Date 
cdkctd Sample Analysis Sample 

Number Matrix 

IGREAT WESTERN RESERVOIR I 
81019192 PERIPHYTON 

~~~~~~~~~~ 

B103650CH ALGAL DENSITY / BIOMASS I TAXONOMY 11 Sep92 REFERENCE SITE 

81019292 

BlOl9392 

PERIPHYTON 8103651 CH ALGAL DENSITY / BIOMASS I TAXONOMY 11 sew 
PERIPHYTON B103652CH ALGAL DENSITY / BIOMASS /TAXONOMY 11 seD-92 I 

MOWER RESERVOIR 

- 81019492 PERIPHYTON B103653CH ALGAL DENSITY / BIOMASS /TAXONOW 11 Sep-92 

81019692 PERIPHYTON B103655CH ALGAL DENSITY / BIOMASS /TAXONOMY 11 Sep-92 

81019592 PERIPHYTON B103654CH ALGAL DENSITY / BIOMASS /TAXONOMY 11 Sep-92 

8101 9792 

81019892 

81019992 

PERIPHYTON B103656CH ALGAL DENSITY / BIOMASS / TAXONOMY 11 Sep-92 

PERIPHYTON B103657CH ALGAL DENSITY / BIOMASS /TAXONOMY 11 Sap92 

PERIPHYTON B103658CH ALGAL DENSITY / BIOMASS /TAXONOMY 11 seD-92 



Table GlS  
Summary of Bioassay Sampling 

Uses STA CODE 

SED01392 SW BW16CH TOXICITY-2 02-sep-92 
SED01392 SW B103816CH TOXICITY-2 
S ED01 392 SW Bu)3816CH TOXCJTY-2 

SED02092 WO-2 SW B103815CH TOXICITY-2 03-seP-92 
SED02092 WO-2 SW B103815CH TOXICITY2 WSep-92 

SED02592 WO-3 SED B103801CH TOXICITY 13 Aug-92 
SED02592 WO-3 SED SM)603OcH SPECIFIC GRAVITY /GRAIN SIZE 13-AUg-92 
SED02592 WO-3 SED SO0603OUi TOC 1 %Au&92 

BIG DRY CREEK 

a 

i 



Table G13 
Summary of Bioassay Sampling 

Locatmn 
code 

Date 
Sample Analysis Collected 

Work Plan sample 
ID Number 

SED02592 I WO-3 I SW I B103802CH lTOXlClTY 1 1 lO-Aua921 
SED02592 
SED02592 

WO-3 SW B103802CH TOXICITY 1 1 2-Au~-92 
WO-3 SW B103802CH TOXICITY-1 14-Aug-92 

MOWER RESERVOIR 
SED15192 I WO-11 

~ ~ 

SPECIFIC GRAVITY / GRAIN SlZE 
'TOC 

ITOXlClTY 1 
lTOXlCITY 1 

~TOXlClTY 1 
SED15192 E:: SED15192 

j SEDl 51 92 WO-11 

13-Aug-92 
13-Aug-92 

12 Aug-92 
l4-Au~ 92 

10-Aug-92 
SED15192 1 E:: 
SED15192 

,TOXICITY 
/SPECIFIC GRAVITY GRAIN SIZE 

SED15292 I 2:; 
SEDl 5292 

13-Aug-92 
1 3-Au~t-92 

SED15292 I 2:; 
SED15292 

TOC 
/TOXICITY 1 

SW B103808CH 
SW B103808CH 

13 Aug-92 
10-Aua 92 

lTOXlClTY I 13Aua92 

~TOXlClTY 1 
1 TOXICITY-1 

12-Aug 92 
14-AUQ 92 

SEDREF92 
SEDREF92 

SED SD06036CH SPECIFIC GRAVITY / GRAIN SlZE 13 Aug-92 
SED SD06036CH TOC 13 Aua 92 

REFERENCE STATlON 

SEDREF92 I I SED I B103813CH lTOXlCITY I 13-Aua-92 



Table C-I 3 
Summary of Bioassay Sampling 

Location 
Code 

Date 
collected Sample Sample Analysis WorkPlan Matrot 

ID Number 

I SED02592 I W03  I SW I B103802CH ITOXICITY 1 I 1OAua92 
SED02592 
SED02592 

WO 3 SW B103802CH TOXICITY 1 12 Aug 92 
WO 3 SW B103802CH TOXICITY 1 14 Aug 92 

SED15292 I WO 12 I SW I 610381OCH (TOXICITY 1 I 14Aug92 

IREFERENCE STATION 

SED R EF92 SED B103813CH TOXICITY 13 Aug 92 

SED R EF92 SED SW6036CH SPECIFIC GRAVITY /GRAIN SIZE 13 Aug 92 
SEDREF92 SED SD06036CH TOC 13 Aua 92 
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Appendix D presents a statistical summary of OU 3 data and benchmark data for soil sediment, surface 
water, and groundwater The summary stamtics for each analyte by MSS and type mclude number of 
detects, number of samples frequency of detection, mmimum and maximum nondetected values 
m i m u m  and maximum detected values, mthmetic mean, standard deviation and coefficient of 
vanahon 

Following is a hst of summary statistics of OU 3 data with a compmson to benchmark data The tables 
are grouped by media MSS and type (lake or creek) 

Table D-1 

Table D-2 

Table D-3 

Table D-4 

Table D-5 

Table D-6 

Table D-7 

Table D-10 

Table D-1 1 

Summary Stahshcs for OU 3 Surface Sediments, Compmson to Benchmark Data 

Summary Statistics for OU 3 Subsurface Sedlments Compmson to Benchmark Data 

Summary Stahshcs for OU 3 Surface Water, Compmson to Benchmark Data 

Summary Stabstics for OU 3 Groundwater Compmson to Benchmark Data 

Summary Staostics for RFP OU 3 Trench Data 

Summary Staustics for OU 3 Trench Data 

Summary Statxtics for Remedy Lands 

Statistics for IHSS 201 Subsurface Sediments 

Statistics for IHSS 202 Subsurface Sediments 

Statistics for IHSS 199 Soil Samples 

Statistics for Remedy Lands Surface Soil Samples 

D- 1 
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Appendix E contams the summary of the OU 3 analytical result.. The OU 3 database is provided on 
diskette The files are m DBase IV and ASCII and c o n m  analpcal data for all media sampled (surface 
sod trench sod surface sediment subsurface sediment surface water groundwater and biota) 
Table E- 1 hsts the field names and a descnptlon of the information contamed in each field for the Data 
Analysis Table This table does not mclude any rejected data (1 e records coded as rejected ’ by the 
mdependent data validators) or quality control sample data The memorandum mcluded in this Appendix 
provides addtlonal mformation on how the data are grouped in the database, which was given to the EPA 
and CDPHE 

* 

The preparahon of the OU 3 database is m Appendix F mcluding procedures for extramng OU 3 data 
from the Rocky Flats Envlronmental Database System (RFEDS) cleanup of RFEDS data and data 
evaluatlon protocols used to develop the Data Analysis Table 

Table E-1 Database Field Name Definitions 

I 

E l  



RF/ER-94-0029 UN 
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Field Name 

Main Test Group Code 

General Test Group Code 

Chemical Name 

Analysis Date 

New Result 

Ad] Result 

New Unit 

New Error 

New Detect Limit 

New Quallfier 

Lab Disposition 

Validation 

Reason 1 , Reason 2, Reason 3, Reason 4 

Depth From 

Depth To 

Depth Unit 

Detect 

Table E-I 
OU 3 Database Field Name Definitions 

Chemical group code created by CH2M Hill, one code per analytical method 

General test that was performed on the sample, code created by CH2M Hill 

Analyte name 

Date chemical analysis was performed 

Analytical result, validated result if avalable 

Adjusted result = One-half of the RESULT FIELD value (for nondetects only) 

Unit assmated wth the result value 

Error term associated wth radionuclide results 

Detection Limit 
(Detectm limit = Instrument dete&on limit for OU 3 metals data 
Detecbon limit = Instrument detectton limit or CRDL for BGCR metals data ) 

Includes the qualifiers assigned by the laboratones and the data valdators 

If analytical results could not be transmitted, a reason disposition code is indicated 

Validation codes assigned by the data validators If the field is blank, the record has 
not been validated 

Explanation for validation codes 

Upper boundary of a sediment core segment 

Lower boundary of a sediment core segment 

Unit for sediment core segments 

The detect field marks records that contain a V" in the NEW QUALIFIER held as a 
nondetect 

Example 

NEW QUALIFIER DETECT 

UJ-u 
J --+BLANK 
uu _____t u 

-BLANK 
B -BLANK 
UJ - U 



RFER-96-0029 UN 
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Table E-1 (Continued) 
Database Field Name Definitions 

Definition 

Adjusted detect Reflects application of EG&G data analysls protocols All 
radlonudides are designated as detects (I e , ADJ DETECT field is BLANK), all 
B-qudified metals and waterquality records are designated as detects All other 
records sth a 'U" in the DETECT field are designated as nondetects (I e ,  ADJ 
DETECT field contarns a V") 

Method usad to collect a surface sal sample (CDH or MHM) 

flags a record as belonging to the SETLOCK data set (I e ,1984 sediment data) 

lndnndual Hazardous Substance Site number 

Oata grouping designahon (e g CREEK, LAKE, PLOT, TRENCH) 1 

Data grouping designation for sediment samples indmhng I! GRAB or CORE sartrple 

Data gnwrpng designatron for surfacesoil samples indmbng d sample was located in 
the Remedy Lands area 

Field Name 

Ad1 Detect 

Method 

Setlock Flag 

IHSS 

DGTYPE 

DGGRABCORE 

DGSOIL 

Area Denotes If the record is background (6) or OU 3 slte (S) data 
' \I t '  

. .-  

I. 



M E M O R A N D U M  CEUuiLL 

TO- 

COPIES* 

FROM. 

DATE, 

SUBJECT: 

PTROJEm 

JS012694 db J&kson C o m  Remedy Acreage sod dasa 

01041594 db Rock Crak bdcgmtmd soil data 

DA091994 db Data adysxs table used b r  summ8ry stat~~&cs and data analysts tasks for the 
RFI/R.I report mctudtng the rrrlbrln Healttr Rtsk Assessment and Ecologrd Evatuatlon (b 
table comatlls rccofds from the fburtables k e d  above, z#x)tdswere dead fix mdus~onrn 
thrs table based on protocols desgibed UI Appcnd~~ A of Tecl~~~~cai  Memorandum No 4, 
Human Health RISIC Assessment, Chemtcals of Concan I d d m 0 4  Operable Unxt 3) 

Each file IS p m d c d  fbr your use UI two fbrmats dBase IV (FoxPm compatible) 
a d  ASclI (w c ~ m m a - ~ e p d )  

The h t  fburfiles Irsted above have two fiddsthst can be used to knlrthem to the Data 
Anatysrstable(DAo91994db) 1) CURRJ3TSEQwhchuasequenctnumberfbrtach 
record m the table ami 2) DATABLE SEQ that mcficates the cormpondmg sequence d e r  
krtk record rnthe Data Anaiysw table, a ’’0” mthts h i d  mdrcates the rccordwas not used m 
the Data h a i p s  table 

TheData Aaalysls table bas three fieids that canbeusedto hkto the source tables 1) 
CURRENT SEQ winch IS a squencc lnrmberfbr eachrecord mtheData Anaiysw table, 2) 
SOURCE TABLE wlnch mdtcztcs whch of the &ut tables the record came &om, d 3) 
SOURCE SEQ wixch tndtcates the sequence number ofthe record mthe saurcetable. 
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F-1.0 INTRODUCTION 

The OU 3 database was developed to store and organize the data from envuonmental sampling programs 
at the Rocky Flats and the surroundmg area that were used to prepare the RFI/RI, mcludmg the Human 
Health fisk Assessment and the Ecological f isk Assessment The OU 3 database is composed of data 
from the followmg sources 

Rocky Flats Environmental Database System (RFEDS) 
The 1983/84 Sediment Samplmg Investigatlons data (DOE, 1991) 
Rock Creek Background Soil Samples (DOE, 1993a) 
Jefferson County Samplmg Area Soil Samples (received from RFEDS) 
Background Geochemcal Charactenzatlon Report (DOE, 1993b) 
Benchmark-Survey Data for Sample Pomts and Polygons 

These sources provided the data sets m vanous formats, therefore, different procedures were used, 
depending on the data source, to prepare the data for use in the OU 3 database This appendix descnbes 
the procedures followed for each data set 

The OU 3 database is managed according to the Data Management Plan (DOE, 1993c) developed for the 
RFI/RI of OU 3 The Data Management Plan descnbes m d e w  the data management system for the 
project, and mcludes procedures for data management staff, computer hardware and software, data 
models and organmition, data management, and data users 

The remamder of Appendix F descnbes the overall structure of the OU 3 database, data preparation steps, 
and quality control (QC) checks that were performed to generate the tables for the OU 3 database 
Appendix F is organlzed mto the followmg sectlons 

I 

OU 3 Database Structure 
RFEDS Data Preparatlon 
Addihonal Data Input 
Data Analysis Table 
Quality Control Checks 

F-2.0 OU 3 DATABASE STRUCTURE 

The database management system uses a relatlonal data model, where the data accessed by users are 
contamed m a number of separate tables, but are related through one or more key fields Tables were 
created for data sets from each of the sources listed above Addihonally, a Data Evaluatlon table was 
created to statistically compare OU 3 data and background data and to calculate summary statlstics and 
nsk estimates The Data Evaluatlon table c o n m s  fields that reflect the application of data-evaluatlon 
protocols specified by EG&G (EG&G, 1994) 

The OU 3 database was designed as a set of independent Paradox (DOS Version 4 0 RDMS) tables 
contaming fields of data These tables can be hnked through key fields (1 e , selected fields that are 
common to two or more tables) Figure F-1 presents an orgaruzation diagram of the OU 3 database 
Table F- 1 summanzes the OU 3 database structure and descnbes the contents of each Paradox table 
Figure F-2 lists the fields contamed m each table and shows relatlonships between the tables Table F-2 
contams defmitlons of the vanous fields 

F- 1 
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In addition to the Paradox tables, OU 3 data are contamed m ARC/INFO files to be used for producmg 
Geographical Informahon System (GIs) plots of analyhcal results and sample locahons Analytical 
result and sample location data were transferred to ARC/INFO usmg ASCII comma-separated files 

F-3 0 RFEDS DATA PREPARATION 

EG&G mamtams the RFEDS The majonty of data records m the OU 3 database were extracted by 
EG&G from RFEDS as ASCII text fixed-field files EG&G began WI& an mtial extracoon of data from 
R E D S  on December 17,1992, and throughout the dumon of the project added pendc RFEDS 
extrachons contamng updated and addmod records The final extractron of RFEDS data for the Fmal 
RFWRI report was on February 15,1994 The steps necessary to import and pnpare RFEDS data for the 
OU 3 database are descnbed m detad below 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 

Convert RFEDS data-extrachon fdes to ASCII separated/dehted format, 

Import the extractlon mto Paradox 

Cornxt database mconsistencies, and separate data that vvlll not be used m quanhtahve data-analysis 
tasks 

Iden@ and resolve redundant data records 

Assemble the mam cleaned-up table (without resolved problem records) 

Produce potend problem Tccords report. 

Review potenhal problem records report, and select records to be added back to the mam table 

Add selected record(s) from the review process back to the mam table 

Copy mam table to OU 3 database &tory for Rocky Flats 

10 N o w  persons usmg the OU 3 database of updated mam table 

Note In the descnphon of preparahon steps below, names of database fields are shown m all uppercase 
bold letters (e g , CHEMICAL NAME, MAIN TEST GROUP CODE, and NEW RESULT) 

STEP 1 - Convert RFEDS data-extrachon files to ASCII SeparatmYdehnuted format 

c 

F-2 
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Table F-1 
OU 3 Database Structure 

DA(date) db Data for the stabstlcal badground companson tests and other data analysis tasks Contain! 
onginal sample data from tables DT012694 JT012694 NBOl2694 (exdudihg outliers as 
idernfled in the BGCR) and OT012694 Surface-sal sampling results (CDPHE and MHM 
methods) are averaged for each location Contains fields that reflect EGBG data analysis 
protds  for nondetects Rewed data (Validation = R) and QC data are not induded 

DG(date) db Sample locations (OU 3 and background) and dataprouping infornabon 

Dlydate} db Onginal and QC data from R E D S  

DT(date) db 

DQ(date} db 

Onginal data only from R E D S  

QC data only from RFEDS 

JS(date) db Jefferson County Sampling Area surface-soll data (onginal and QC data) 

JT(date) db Jefferson County Sampling Area surface-sot1 data (onginal data only) 

JQ(date) db Jefferson County Sampling Area surface-sal data (QC data only) 

NB(date) db BGCR data for selected sample locahons (nonseep sediment and surface-water locattons 
weathered daystone monltonng well bcabons-onginal data only) Outllers as identified in 
theBGCR areinduded 

Ol(date) db Rock Creek Background sol1 data from OU 1 RI Report (original and QC data) 

OT(date} db Rock Creek Badground sol1 data from OU 1 RI Report (onginal data only) 

OQ(date) db 

ST{date} db Sample tradang infomatm 

FW(date) db 

CL(date} db 

Rock Creek Badground Soil data from OU 1 RI Report (QC data only) 

Field water quality data assmated with 810 samples 

Matnx of collocated samples (e g collocated 610 SW and SED samples) 

Note 

(date} = Each Paradox table filename indudes the date on which the table was created and/or moddied Therefore the most 
current tables were dearly identified and used for data manipulahons For example Paradox file DAO81094 db was 
modified on August 10 1994 

F-3 
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SAMPLETYPE 

SAMPLEQCCOM 

SAMPLE NlMBER 

SAMPLE DATE 

DRY 

RESULT TYPE 

RFEDSTESTGROUPCODE 

MAIN TEST GROUP CODE 

GENERALTESTGROLJPCODE 

CHEMICAL NAME 

ANALYSIS DATE 

NEW RESULT 

ADJ RESULT 

NEW UNIT 

NEW ERROR 

NEW DETECT LIMIT 

NEW QUALIFIER 

I A B D l S F "  

VALIDATION 

Table F-2 
OU 3 hbb8Se Field Name Definitions 

REASON1 "2 REASON3 REASON4 

a '  

F 4  
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EtuNmQ 

DAtaMe 
DEPTH FROM 

DEPTH TO 

DEPTH UNIT 

DETECT 

ADJ DETECT 

METHOD 

84/85 SED FLAG 

IHSS 

DGTYPE 

DGGRABCORE 

DGSOlL 

AREA - 
CLTABLE ENTRY 

DGNEARSHORE 

DGCREEKNEARSHORE 

Table F-2 (Continued) 
OU 3 Database Field Name Definitions 

Upper boundary of a sediment core or pit trench segment 

Lower boundary of a sediment core or pit trench segment 

Unit for sediment core or pit trench segments 

The detect field marks records that contain a U in he NEW QUALIFIER field as a 
nondetect 

Example 

NEWQUALIFIER Detect 

UJ-U 
J -BLANK 
uu - u - BLANK 
B -BLANK 
w-u 

Adjusted detect Reflects applicabn of EGBG data analps protocols All 
radmudtdes are designated as detects (I e AW D€fECTfiiM le BUNK) all E 
qualified metals and water quallty records are desgnated as detects All other recards 
wth a U in the DETECT field are desgnated as nondetects (I e ADJ DETECTfield 
contams a U ) 

Method used to collect a surface-soil sample (CDH or MHM) 

Flags a record as belonging to the 1984185 Sediment Sampling Imresbgabons data sei 

lndnndual Hazardous Substance Slte number 

Data grouping designabon (e g CREEK LAKE PLOT TRENCH) 

Data grouping designahon for sediment samples indlcahng If GRAB or CORE sample 

Data grouplng deslgnabon for surface-sorl samples indmbng if sample was located in 
the Remedy Lands area 

Denotes If the record is background (B) or OU 3 site (S) data 

Indicates If addibonal information for the record is avadable in the collocated sample 
table 

Data grouping designation for sediment samples 

Data grouping designabon for sediment samples 

F S  
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STEP 2 - Import the extntcbon rat0 Paradox 

Usmg a custom scnpt called IMPORTEXISC, the DKI'fiies are unpoasd mto Paradox The imgmtad 
data fromthe m t d  RFEDS extraction arc put roto atemporarytahle The tesllporary table 1s then 
restructured to match the strucr\neof the mam raw datatable, and &e SEQUENCE ID field fs used to 
h k  the temporary and mam raw data tables The tempomy table records iue then added totbe man 
raw database table The pracess is npeated for cach ex- Records fkomthe GOUIC~ table (I e ,  
temporary table wth RFEDS data) replace m c d s  ~tl the de.stwacm table (le, umm raw data tabk) rf 
the SEQUENCEID 111 the source table tecotLf already exlsts mthadesbmtm tabk Hibe records from 
the s o u r c e t a b l e a r e n o t ~ t h e ~ ~ ~ t a b l e , t b e n t h e ~ ~ ~ s o u r c e t a b k r ~ a d d e d t o t h e  
destmatron table 

Usmg a scnpt named XCXEANWSC, the data PIC preprocessed to correct any mconsistenaes found m 
the RFEDS data, such as the followmg 

CHEMICALNAMEmconslsttemxs 
RFEDS TEST GROUPCODE name mcons-les 
Obsolete RFEDS TEST GROUP CODE names 
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I 

Unit mconsistencies 
Mulhple fields of analpcal data for one record (1 e data received from RFEDS contam fields for 
laboratory results and corrected results from the data-vahdation subcontractor some records contam 
laboratory and corrected results) 

Addioonally, the preprocessing step accomphshes the followmg 

Separatlon of histoncal data (1 e , pre-1992 data that tend to have QC problems) from OU 3 samplmg 
program data histoncal data will be used quahtauvely m the RFI/RI report 

Separauon of QC data from onpal sample data QC data will be used m the RFYRI report to 
evaluate quality of the data only ongmal data will be used for all other quantitatwe data-analysis 
tasks 

Removal of data for any samples not associated with the OU 3 field mvesbgation 

XCLEANUP SC performs the followmg operatlons 

Separation of Histond Data 

Histoncal data are identlfied by the followmg Locahon Codes 

SWOOl through SWOO4 
SED001 through SED004 
GSOOl through GSOO4 

These data are removed from the mam rawdata table and placed into a separate table for 
use in the RFI/RI report 

Separation of QC Data 

QC data are identlfied usmg the SAMPLE QC CODE field 

Any samples with codes 111 the SAMPLE QC CODE field other than REAL, 
BLANK or UNK (I e unknown) are considered to be QC samples 

QC data are also identdkd usmg the RESULT TYPE field 

Any samples with codes m the RESULT TYPE field other than TRG DE,  
BLANK or UNK are considered to be QC samples 

Data identfied as QC samples are removed from the mam raw data table and placed mto 
a temporary table for further processmg 

F 7  
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Separation of Non-OU 3 Field Investigation Data 

The OU 3 field mvemgatxm data are identified by the folbwmg sufFixes m entnes m the 
SAMPLE NUMBER field 

0 CH 
WCU3 or WC 

Rbcords wtb suffixes m tbe S ~ N u M B E R f i e l d o t h e r t h a n  thase hsted above are 
not mluded m the OU 3 database 

Obsalete RFED!3 TEST GROUPCODES 

Obsoiete codes IU the RFBDS TEST GROUP CODE fieid consist of the followmg 

Any records mth the codes hted above ID tbelWEW3 TESTC3RERPCODE fkld are 
removed fromthe man raw data- RFEDsrepkes thearecodes *mew codes 

m the table, they represent dqhcate records 
Therefore, lfrecorBs wlth tGst group- of PDMEm.3 aad F + z a m n w m m  
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Table F-3 
Chemical Name Inconsistencies 

GROSS ALPHA DISSOLVED 
GROSS ALPHA SUSPENDED 
GROSS ALPHA PARTICLE ACTIVITY 

GROSS BETA DISSOLVED 
GROSS BETA SUSPENDED 
GROSS BETA PARTICLE ACTIVITY 

PLUTONIUM 239 
PLUTONIUM 2391240 

URANIUM233 234 
URANIUM 234 

CYANIDE 
CYANIDE AMENABLE 
CYANIDES ( SOLUBLE SALTS ) 

HEXAVALENT CHROMIUM 
CHROMIUM VI 

NITFMTENITRITE 
NITRATUNITRITE ( HISTORICAL ) 

ORTHOPHOSPHATE 
PARATHION ETHYL ( INCORRECT CAS NUMBER 
CAUSED THIS TO BE LABELED INCORRECTLY 
VERIFIED BY BETH MONTANOEGBG ) 

SOLIDS NONVOLATILE SUSPENDED 
TOTAL DISSOLVED SOLIDS 

TOTAL SOLIDS 
TOTAL SUSPENDED SOLIDS 

BICARBONATE 
BICARBONATE AS CAC4 
CARBONATE 
CARBONATE AS CACO, 

ALKALINITY AS CACO, 
TOTAL ALKALINITY 

l2bNeuQ 

RADIONUCLIDES 

GROSS ALPHA 

GROSS BETA 

PLUTONIUM 239 240 

Note 

a = BICARBONATE AS CACO3 = BICARBONATE 1 22 

URANIUM 233 234 

WATER QUALITY 

CYANIDE 

HEXAVALENT CHROMIUM 

NITRATE/NITRITE 

ORTHOPHOSPliATE 

TOTAL DISSOLVED SOLIDS 

TOTAL SUSPENDED SOLIDS 

BICARBONATE AS C A W  

CARBONATE AS CACO3 

ALKALINITY AS CACO, 

F 9  
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Multiple Fields of Andyth l  Data 

The mam raw data table can contam data from the laboratmy and from the data 
vahdabon subcontractor for the same record Vddated data, Ifavdable are placed m 
the OU 3 database "he followmg fields contam c-ponhg data from the two 
sources 

RESULT 
QU- 
UNIT 
DETECTIJME 
ERROR 

VRESULT 
VQUAL 
MMFT 
VDEIECT 
-NO F D 3 L I b  

The protocols llstedbelow aIe used to lncorporatedataftomthe lfhmtmy &data 
V&datOXS 

0 If the VRESUCTfield m the RFEDS data contans arcgult, then the value h 
VRESULT IS placed m anew field (I e ,  NEwREsuLT)-m the OU 3 databe 

0 If the VRESULTfield m the RFEDS datars blank, the vahre m the RESULT 
field s p l d  m the NEWRESULT field us the OU 3 databme 

0 The UNIT, DETECTLIMIT, andERRoRfields aretreatedthemmeas the 
VRESULT and RESULT fields NEW W, NEW D J 3 "  LMlT, and NEW 
ERROR fields were clpatcB m the OU 3 databese to contam the data selected by 
the protocol descrrbed above 

0 The QUALIFlER and VQUAL fields from the €WEDS data are concatenated us a 
NEWQUALIFIER field m the OU 3 databaw 

TheNEWRES~T,NEWNEw,NEWDETECTLIMIT,NEW~~dlUEW 
QUALIFIER fields are used for q-ve data-dyas tasks 

Inc-h in the RFEDS TEST GROUP CODES 

The RFEDS data conmu muhple codes m the TEST GROUP CODE field for the same 
general p u p  of chemcals Two new fields were created m the OU 3 datatutst, MAIN 
TEST GROUP CODE and GENERAL TEST GROUP CODE, to standdm the 
groupmg of chemcals lnto mam sample prepan&danalytxd mtthod categories (e g , 
DMETAL-UP-NONCLPrefen to Qssolved metals) and general chemcal catcgones 
(e g , METALS refers to both h l v e d  and total metal analyses), nspectlvely Table F 4  
summarizes codes used m the RFEDS TEST GROUP CODE field and wmqmdmg 
codes m the MAIN TEST GROUP CODE and GENERAL TEST GROUP CODE fields 
mtheOU3databaSe 
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Table F-4 
RFEDS Test Group Code Inconsistencies 

BNACLP 
CLHERB615 
DMETADD 
DIOX613 
DPEST613 
DMETCLPTAL 
DMETNOCLP 
DRADS 
DMETCLP 
DSMETCLP 
METADD 
RFIN 
METCLP 
PAHCOM610 
PEST608 
PESTCLP 
PHPEST610 
PSTCLPTCL 
PSTPCB508 
RFME 
RFMS 
RFPP 
SMETCLP 
RFRA 
SELCOM625 
RFVO 
SELC0502 2 
RFSV 
TRADS 
RFRS 
TRIPES619 
SMETNOCLP 
SVOCLPTCL 
SMETCLPTCL 
VOA502 2 
VOACLP 
VOCCLPTCL 
WQPL 
OCLPEST608 

SVOA-ORG CLP 
CL HERREPA615 
DMETAL-CLP NONCLP 
DlOX PEST EPA613 
DlOX PEST EPA613 
DMETAL-CLP NONCLP 
DMETAL-CLP NONCLP 
DISSOLVED-RADS 
DMETALCLP NONCLP 
DMETAL-CLP NONCLP 
METAL CLP NONCLP 
WATER-QUALITY 
METAL CLP NONCLP 
PAH PEST PCREPAGIO 
OCLPEST EPA608 
PESTICIDE CLP 
PAH PEST PCEEPA610 
PESTICIDE-CLP 
PEST PCEEPA508 
METAL-CLP " C L P  
DMETAL CLP-NONCLP 
PESTICIDE CLP 
METAL CLP NONCLP 
TOTAL RADS 
SVOA-ORG CLP 
VOA-ORG CLP 
VOA EPA502 2 
SVOA4RGCLP 
TOTAL RADS 
DISSOLVED RADS 
TRIPEST EPA619 
METAL-CLP NONCLP 
SVOA-ORG CLP 
METAL CLP NONCLP 
VOA EPA502 2 
VOA-ORG CLP 
VOA-ORG CLP 
WATER-QUALITY 
OCLPEST EPA608 

SVOAS 
PESTICIDES 
METALS 
PESTICIDES 
PESTICIDES 
METALS 
METALS 
RADIONUCLIDES 
METALS 
METALS 
METALS 
WATER-QUALITY 
METALS 
PESTICIDES 
PESTICIDES 
PESTICIDES 
PESTICIDES 
PESTICIDES 
PESTICIDES 
METALS 
METALS 
PESTICIDES 
METALS 
RADIONUCLIDES 
SVOAS 
VOAS 
VOAS 
SVOAS 
RADIONUCLIDES 
RADIONUCLIDES 
TRIPESTICIDES 
METALS 
SVOAS 
METALS 
VOAS 
VOAS 
VOAS 
WATER-QUALITY 
PESTICIDES 

El 1 
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STEP4 - Iden* and resolve dundant data records 

Step 4 of the cleanup process is destgned to idem and remove redundant records from the OU 3 
database and also uses the scnpt XCLEANUPSC Step 4 mcludes the followmg procedures 

A The mau~ table IS broken mto subsets (i e ,  Rad~onuchdes, Metals, Volatde Oqmc 
Compounds, Pestmdes, and Water-Quality paranu~ers), and the algmthm described 
below IS p e r f o d  for each subset of data For each subset, add~txonal tables are mated 
(1 e., a -table for recoTds that wdl be retarned m the OU 3 database and REJECT 
tables) that reqm fwther plucessmg 

B The mcords m the subset table to be processed are sorted m the followmg order 

1 SAMPLENUMBER 
2 CHEMICALNAME 
3 MAIN TEST GROUP CODE 

C As each subset tabk fs parsed, all records havrng the 58mc entnts m the SAMPLE 
NUMBER,CHEMICALNAME,andMAINTESTGROUPCODEfiddsarccoIntdtoa 
texpomytable WhentbeentncsmtheSAMPLENUh4B~CHEhaCALNAME, 
and MAIN TEST GROUP CODE fields chaagk pmcessmg IBOV~S to Step 4-D, 4-F, or 
4-G, dependmg on the type of rccordsmntiunedm the tempwag table When 
processmg returns to Step eC, it watinoles with the next groupof records $avmg the 
s a m e S A M P L E N u h d B B R , ~ N ~ M A I N T E S T G a o u p C O D E , u n t . i l a U  
records have been pcessed 

D If the temporary table mcl- one v&datcd ncord, the followmg protocols mused 

0 Therecords m the temporary tabk am placed m aR32ECI'tablc rfthe NEW 
RESULT field (and ERROR field lftht W m w W  SElbSet table IS bcmg 
processed) is blank for all records 

0 The validated record is placed m the KEEP table rf the NEW RESIJLT field of 
the vahdated record collt81118 avdue Allntm- records m the temparary 
table are placed m a RETEcTtable 

Processing reauns to step 4-c 

E If the temporary table mcludes more than one valIdatcd record, the followmg protocols 
are Used 

0 One of the validated mcods IS placed m the KEEP table If the validated records 
have ident~cal values m the NEW RESULT field All other v & M  and 
nonvahdated recds  are deleted 
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a If the RESULTS field of the records in the temporary table are not idenhcal or 
are blank, all records m the temporary table are placed in a REJECT table 

Processmg returns to Step 4-C 

F If the temporary table contams one nonvalidated record the followrng protocols are 
used 

0 The record is placed m the KEEP table If the RESULT field (and ERROR field If 
the Radionuclides subset table is bemg processed) is not blank 

0 The record is placed m a REJECT table if the RESULT field is blank 

Processing returns to Step 4-C 

G If the temporary table contams more than one nonvalidated record, the followmg 
protocols are used 

a One of the nonvalidated records is placed m the KEEF' table if the values m the 
RESULT field (and ERROR field if the Radionuchdes subset table is berng 
processed) are idenhcal 

0 All of the records in the temporary table are placed m a RETECT table if the 
RESULT fields are not idenhcal or blank 

Processing returns to Step 4-C 

Tables that are created by Step 4 mclude 

RADS db 

RDKEEP db 

RDREJ61 db 

RDREJ62 db 

RDREJ63 db 

RDREJ64 db 

RDREJ65 db 

Radionuchde subset table 

KEW table for the Radionuclides subset 

Radionuclides REJECT table (validated record RESULT and/or ERROR field is 
blank) 

Radionuchdes REJECT table (one validated record kept, all correspondmg 
nonvalidated records placed m this table) 

Radionuclides REJECT table (more than one validated record no duplicate 
results all records rejected) 

Radionuchdes REJECT table (one nonvalidated record rejected RESULT field 
blank) 

Radionuclides REJECT table (more than one nonvalidated record no duplicate 
results all records rejected) 

F 13 
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Step 4 is also followed to create c m w g  tables for the Metals, Vblatde Orgmc Compounds, 
Peshcides, and Water-QuaIity parameters 

STEP 5 - Assemble the mam cleamd-up table 

In Step 5 of the cleanup pmcess, all of ~;KEEptables 8te assembled mtoune tabEe (I e ,  DT{date} db , 
{date} mcbcates the date when the table w& assembled or updated) 

STEP6 - Produce potentd problem records report 

Hardcopy reports of the rejected records are made from the RE.IECT tables for each subset of data 
(e g , Wonuchcles, Metals, etc ) These reports am used to resolve problems wals data records 

STEP7 - Resolve problem rccoIcIs 

EG&G data-mmagement staffrewew data-problem report% d resolve the probatm or ndundant 
records The followmg hst ~pwnrrmry;ts the d u t m  ofthe types of drdaprowemS fouad afterlmportrng 
RFEDS data extracttoas on February 16,1994 

0 BlankRESULTfield forceanUn-137 The m a d s  arere mnd&cts and the value 
presented m the DETECTION LIlba field should also be used XI the RESULT field 

0 Blank ERROR field for Plutonnun-239, -240 EGBKi pEovlded  value 

e NonvaMated results for surface sod samples Eo&G used n c m v & M  records, 
vah&on c d d  talce fnwn 1 to 6 months 

The followmg protocols m used for nduadant valadated records 

e If the analysis dates are the same forredundantncords, selection of the recod to be used 
m the OU 3 database IS basedm the Reason Codes ammated -the Valrdaton Codes 

STEPS - Create final database tables 

Corrected problem records and records selected from a group of redudant rccafds for use 111 the OU 3 
database are added to the DT{date} db table 

STEP9 - Copy mam table to the OU 3 database &rectcny for Rocky Flats 

The updated DT{date} db table is copied to the OU 3 database drrcctory fop Roc@ Flats 
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STEP 10 - N o t e  persons usmg OU 3 database of updated mam table 

Persons usmg OU 3 data are notlfied of the new table with a DATABASE UPDATE form 

Steps 3 through 10 are repeated with a modified cleanup scnpt usmg QC data that were separated from 
ongmal sample data dunng the cleanup process The DQ{ date} db table is then created using cleaned-up 
QC data 

F-4 0 ADDITIONAL DATA INPUT 

Additlonal data were entered mto the OU 3 database to supplement the data extracted from RFEDS, 
including data from the followmg sources 

The 1984/85 Sediment Samplmg Inveshgatlon (DOE, 1991), Attachments 1 and 2 
contam a dmussion of analyses performed to d e t e m e  the usabihty of these data m the 
RFI/RI report for OU 3 

Background Soil Samples from Rock Creek (DOE 1993a) 

Soil Samples for the Samplmg Area in Jefferson County 

a Background Geochemcal Charactenzatlon Report (DOE 1993b) 

Benchmark-Survey Data for Pomts and Polygons 

These additional data were received in vanous formats, and different procedures were used to prepare the 
data for use m the OU 3 database, dependmg on the source Table E5 summanzes the source,-fo&at, 
and data descnphon and preparatlon procedures 

F-5 0 DATA ANALYSIS TABLE 

The Data Analysis table (DA{ date} db) is composed of records from the DT{ date} db, JT{ date} db, 
OT{ date} db, and NB{ date} db tables Additlonally the DA{ date} db table contiuns fields that reflect 
applicatlon of data-evaluation protocols This sectlon descnbes the data-evaluatlon protocols and 
outlmes the procedures used to prepare the DA{ date} db table 

F-5 1 Data Evaluation Protocols 

The data-evaluahon protocols for the Draft RFYRI report are based on 
Risk Assessme- (EPA 1990) and a guidance memorandum from EG&G (EGBrG 1994 mcluded as 
Attachment 3) The eleven protocols descnbed m thls section are the data manipulation rules that were 
applied to prepare the DA{ date} db table for quantltative data analysis tasks The protocols were 
designed to identlfy and elimmate data considered unacceptable for quantltative data analysis (e g , data 
rejected as a result of data vahdation) Addihonally the protocols provlde for consistent treatment of 
nondetects QC samples and other specific categones of data in the quantitahve data analyses 

E15 
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(DOE 1993b) 

Additional Data Sources 

Hardcopy- 
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F-5 1 1 Nonvalidated Data 

Any nonvalidated data in the OU 3 database were mcluded in the DA{ date} db table and were used for 
quantitahve data-analysis tasks for the Draft RFVRI report A total of 1 082 records m the OU 3 database 
used for the COC selection process (7 percent) were nonvalidated 

F-5 1 2 Validated or Qualified Data 

All data qualified with a J and any other quallfiers except those with an R, m the VALIDATION or 
NEWQUALIFER fields were mcluded m the DA{ date} db table and were used m the CpanhtahVe data 
analysis tasks for the Draft RFI/RI report Validated data flagged with an R in the VALIDATION field 
or nonvahdated data flagged with an “R” in the NEWQUALIFIER field were not included m the 
DA{date} db table and therefore were not used UI any quanbtative data analyses tasks for the Draft 
RFYRI report Data flagged with an R are rejected because they did not meet performance 
requirements m the sample or m the associated QC samples The R-qualified data may be used 
qualitatwely in the RFI/RI report, if appropnate 

F-5 1 3 QC Samples 
I 

All QC samples (e g , tnp blanks, field duplicates, laboratory rephcates) were removed from the 
DA{ date} db table and were not used for quanhtauve analysis tasks for the RFYRI report The QC data 
were used to evaluate precision, accuracy representahveness comparability and completeness (PARCC) 
under the RFYRI Task 4 

F-5 1 4 Treatment of Detects or Nondetects for Inorganic 
Parameters 

Analytical results for metals and water-quahty parameters were treated as detects If the followmg 
condihons applied 

The NEWQUALEER field is blank 

0 A sample is not qualified with a ‘ U’ m the NEWQUALIFIER field A sample qualified 
with a ‘ U is a nondetect and is below the mstmment detechon limt 

A sample is qualified with a B” m the NEWQUALIFIER field The B quallfier 
signifies that the andyhcal result was below the contract-requmd reportmg h m t  
(CRDL) but above the instrument detechon l m t  (IDL) B-quahfied data are considered 
to be detects and are used as such 

F-5 1 5 Treatment of Nondetects for Volatiles, Semivolatiles, Pesticides, and PCBs 

When applymg any parametnc analytical test one-half of the reported analytical result (the 
NEWRESULT field in the database) was used for organic samples flagged with a ‘ U 111 the 
NEWQUALIFIER field All data flagged with a U were counted as nondetects when perfomng 
detection frequency calculauons 

When applymg any nonparametnc analyhcal test the reported analytical result (the NEWRESULT field 
in the database) was used for orgmc samples flagged with a U m the NEWQUALIFIER field 

F-17 
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F-5 1 6 Treatment of Nondetects for Radionuclides 

DOE Order 5400 1 prowdes g~~dance on the treatment of donwhde results at 01 below the detectton 
lmt The DOE order states “All ofthe actual values, mcludmg those that are =gatwe, should be 

between value to the below-dektable data pomt, or Qscardmg those data pomts can sevenly bias the 
resultmg parameter emnates and should be avo- 
amenable to standard stat~mcal analyses than ate those from tnmcated Qstr~but~~ns 

mcluded 111 the S t a t l s t l d  analyses F3actlces such as r s s i p g  % zero, the detect lunrt value, or some m- 

Data fkom ccnson?d dastribut~ons arc mopc 
” 

Based on the DOE gwdance, all radionuchde results were treated as detects for cpntitat~ve data-analysis 
tasks except for calculaton of detectsoa frequacy For calcdatmg detechon m e w ,  all d t s  
flagged wth a ‘U” m the NEWQUALIFIER field were counted as nomde- 

F-5 1 7 Treatment of Negative and Zen, b u t t s  for Radtonuclides 

Based on DOE order 5400 1, all radmnuchdes results, mcludrng and zcm, d u e s ,  werc used m 

results (e g , background stamtwd coqanson tests), the d~stnWons of d 4  for a prtmihr analyte 
for both OU 3 dataandbsckgmunddata WCIP: shtftcaby adding aconstantvaluetoach d t  so that all 
results were posrtlve Tfus sluff was @d because calcuktzcm of the nr&ral log of zcro or ncgatwe 
values results m an emr Therefore, ncgatwe and zero values could not be lacluded m the COmpMson 
test when l o g - t m s f o ~ o n  was requued, rf the shtft was not perfonmd 

quantltatlve data-adym tadrs Far &mtlstd tests nq?unng l o g ~ ~ m s  ofttieradtonucllck 

F-5 1 8 Treatment of Error 

The lmpact of the ERRORreported for the radmrn&&parameters wdl be dhcudrn’the RFItRX 
Uncertamty Smon In cases where the ERROR IS or greaterthanurcqual to 0.5 tunes tbe 
NEWRESULT value, there IS less confidcllce m the reported d t  and a hgk de- of ullcertamty 
For example, d the  trzor is subtracted fromthe result, tBe reported value may bchrtrSn the dc&%l?m 
lmt Data that fall m this category wdl be but not altered for qu&tabvedrrta-dysls tasks 

F-5 1 9 Treatment of Outliers 

An outher is an extreme observation that das not coQfoRn to the pattern estabhshed by other 
observmons and is unlrkeiy to be a vahd mcncbet of the pogulatlon of mterest. An o u k  may be thc 
result of an mcomxtly mad, recorded, or transcr~bed rneasmment, an trtumxt aikubon, m error m 
documentation (field or hbcmtory), or m actual en- COllChtlOPI To evduatc the presence of 
outliers, the followmg p c e d t m  was to the 
surface-water and groundwater background data rn the Background Geatbermcrtl -on 
Report@OE, 1993b)only(thls~~prooesswasnot~~toOU3~) 

by sample type, for the A t ,  

1 Anomalous data were flagged 

2 These flagged values were ex1LIIllllbd, then chacked mdmdually b@ged to be 
geochenncally quatmabk Bach flagged oather was evalmed w& respect to the 
historical trend of the data for that specrfic location, as well as labonaay con&tmns such 
as matnx mtcrference, man attempttodetemme why the dattnm was aberrant 

I 
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3 If the outlier resulted in a correctable error, the value was changed and the correct value 
was mcluded in the data set Data that were believed to have resulted from laboratory 
contarmnation (e g acetone hits ) irresolvable transcnption errors or other 
noncorrectable errors that gave results not thought to be representative of background 
were excluded from subsequent statistrcal analyses 

Outliers listed in AppenQx E of the Background Geochemcal Charactenzation Report have been 
excluded from the DA{ date} db table of the OU 3 database and therefore were not used m staustrcal 
companson tests 

F-5 1 10 Averaging of Analytical Results for Surface-Soil Samples Collected Using 
Different Methods 

Surface-soil samples were collected by two different methods the Colorado Department of Public 
Health and the Envuonment (CDPHE) method and the RFETSIModified Hazel method (MHM) The 
pared t-test at the 95 percent confidence level showed that the results from these two methods were not 
significantly different (see Attachment 4 for a detarled discussion of the stamtical analysis) Therefore, 
results of the two methods for a sample locahon were averaged and this mean value for the sample 
locatron was entered mto the DA{ date} db table of the OU 3 database m the NEWRESULT field for use 
in quanbtahve data-analysis tasks 

F-5 2 PREPARATION OF DATA-ANALYSIS TABLES 

The following procedures were used to prepare the DA{ date} db table 

A copy of the DT{ date} db table was named DT2DA db 

The Rejected” (VALIDATION field contams an ‘R’) data records were removed from 
the DT2DA db table 

The units were checked for consistency 

The codes in the CHEMICAL NAME field were checked for consistency 

A DETECT field was added to the table The DETECT field mdicates if a record is a 
nondetect (U) or a detect ([BLANK]) If the NEWQUALIFIER field contamed a U 
then the DETECT field for the correspondmg record c o n m s  a ‘ U,” otherwise, the 
DETECT field was left blank 

An AREA field was added to the table The AREA field denotes If the record is 
background (B) or OU 3 site (S) data For the DT2DA db table the AREA field was set 
to S’ to denote that it is OU 3 site data 

The data from the DT2DA db table were inserted mto the DA{ date} db table 

I 
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Procedures 1 through 7 were repeated for the JT{aate} db, OT{date}db, and midate} db tables After 
all tables were combmd mto the DA{ date} db table, the followmg procedures were performed 

8 

9 

10 

11 

12 

13 

14 

15 

16 

The DA{date} db table was checked for overall consistency dum& 

The DA{date} db table was chedccd for overall cxmwtcncy of codes m the CHEMICAL 
NAME field 

Fields from the data groupmg table @G{datc} db) were added to the DA{date} db table 
Usrng the LOCATION CODE field as a lmk from the D A { W }  db to the DG{date} db, 
the M S ,  DGTYPE, DGGRABCURE, and DGSOL were h k e d  mto the DA{d.ate} db 
table 

For dl rachonwhde recorriS, the A D J  DETEcf field was set to a fBLANKf vahte to 
denote the record as a detect value 

For all metal nxords, lfthe NEWQUALIFIERfieldcontrunsd a%," tbenthe A D J  
DETECTfkld value wasset to a [BLANK] value todenote therecurd esa- 

For all records that contamed a "U" tu t h e m  DETECffkld after cctmplebng 
procedures 12 d 13, the value in the ADJ RESI?ETS field was replaced WI& a p x y  
value @et one-half ofthe value HI the NEW RESULTfeld) 

The updated DA{date} dbwle was copled to a sepmte dtredory 

Persons usmg OU 3 data were d e d  of the updated DA{date}db table WI& a 
DATABASE UPIlATE fona 

F-6 0 QUALITY CONTROL CHECKS 

The followmg QC checks were performed to veri@ the completemw and consistency of the OU 3 
database 

0 AQC auht of tbe ST{&} dbtable WBS performcduslngprmtouts of t h e m p a l  source 
data Any error or mcoasistencms found m the ST{datc) db taMe were comdbd 

e Abt of rmssrng data (1 e ,  dotarequested from the laboratones but not contamed rn the 
DT{ date} db or DQ{ date} db tableti) was p r o d d  by cornpanag the sT{ date} db table 
(1 e ,  sample traclung matnx that comtms aU requested d y s e s  for each sample munber) 
to the DT{date} db and thc DQ{date).db tables. The records lasted on the mlssmg data 
list were checked agamt the RFEDS data mxwd froln EGBtGto venfy that all data 
received from RFEDS were lmpoaed =to the OU 3 database 

I 
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0 SAMPLE LOCATION codes m the DB{date} db, DG{date} db, and DA{date} db tables 
for OU 3 field-mvestigation data were compared to SAMPLE LOCATION codes in the 
ST{ date} db table No inconsistencies were found between SAMPLE LOCATION 
codes m the tables 

The DA{date} db and DB{date} db tables were checked for consistency of analyt~cal 
result units for each CHEMICAL NAME Records with inconsistent units were 
corrected 

0 The DA{ date} db table was quened to venfy that it did not contsun any QC samples or 
R-validated or qualfied data No QC samples or R-validated or qualified data were 
found 

0 The DA{date} db table was quened to venfy that it contsuned data for the followmg 
SAMPLE TYPES only SS-surface-soil plots, FT-pit trench soil samples, SW-surface 
water SD-sedment, GW-groundwater and BI-biota These SAMPLE TYPES were 
found along with several records with ‘UN” (unknown) m the SAMPLE TYPE field 
The records with U” were corrected 

0 Sample locahons contamed m the DG{ date} db table for each medmm were checked 
agamst the GIs plots to venfy all sample-locahon data were transferred to A R m O  
Sample locahons were found to be consistent between the DG{ date} db table and the 
GIs plots 

0 Ten percent of the analytical data displayed on the GIs plots were checked agamst the 
NEW RESULT field m the DA{ date} db table for comspondmg sample locations to 
venfy that the analybcal data were accurately transferred to A R m O  No errors were 
found m the analytical data on the GIs plots 

Addibonally a QC check of the cleanup scnpt was performed using a sample data set that contsuned 
histoncal data QC data, and redundant records No errors were found m the data set after cleanup, 
histoncal records and QC data were separated and redundant records were placed into the appropnate 
REJECT tables as descnbed m Subsecbon F-3 0 

F-2 1 
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Uamria t e Procedure 

N 
Mean 
Std D w  
Skewness 
USS 
cv 
T Mem=O 
N u l  n= 0 
M(Sign) 
sgn - 
100% Max 

75% 43 
50% M e d  
25% Q1 

0% Min 

Lowest 
-0 -1703 ( 

- 0 .  127 ( 
-0.OS9( 
-0 - 021 ( 
-0 - 021 ( 

5 7  
0 . 000332 
0 042788 

0 1072 
0.10253 

12904 22 
0 .OS8507 

52 
1 

SO 

sum wgts 
SUm 
VarLance 
Kurtosis 
PCS 
Std Mean 
PralTI 
Num > 0 

Quantrlcs (Def-5) 

0.18 99% 
0 006 95% 

0 90% 
-0 005 10% 

-0.1703 5% 
1% 

0.3503 
0 011 

0 

Obs HLghest 
54 1 0.025( 
S5) 0 0271(  
34)  0 0297( 
56) 0 l23( 
44 ) 0.18 ( 

57 
0 0189 

0 001831 
12. 03164 
0 102524 
0 005667 

0 9536 
27 

0 . 8899 
0 6S33 

0 1 8  
0.0297 
0 . 0239 
-0  018 
-0  059 

-0 1703 

Obs 
10 1 
53) 
42 1 
48 1 
I 3  1 



Variable=DIFF 

100% Miax 
75% Q3 
so* Med 
25I. Q1 

0% Min 

-ge 
43-41 
Mode 

towast 
-0.234 ( 
-0 . 147 ( 

-0 . 0871 ( 
-0 . 0741 ( 

-0 07 ( 

6 1  
0.039848 
0 f85206 
3 . 659651 
2 154938 
464.7871 
1.680393 

57 
-0.5 
-3.s 

sum wgts 
SUar 
Variarrca 
xmosis 
CSS 
std Mean 

m > o  
B-1 Tf 

Quaz%tiles (Def -5) 

0.91 99% 
0 . 019 95% 

0 90% 
-0 - 0178 10% 
-0 -234 §* 

1% 
1 . 144 

0 . 0368 
0 

ObS Highest 
57) 0,22( 

61 
2.4307 

0 . 034301 
If . 00187 
2.058081 
0 . 023713 

0 . 0981 

1.0000 
0.9781 

28 

0 091 
a.3 

0.16 
-0.048 

-0 - 0741 
-0 -234 

ObS 
60 1 
3s) 
321 
14 1 
241 



Variable=DIPF 

Moments 

60 
4.4737 

N 
Mean 
Std D e v  0 OS1391 
Skewness -0 27565 Kurcosfs -0  37912 
uss 3 365658 CSS 3 03 
cv 304 0392 Std Mean 
T:Mrm=O 2.547687 PZ:>ITI 0 0135 
Ntun -9 0 58 Num'>'O 38 

0 . 0247 
335 Pr>= Pr'=lMl S 0,0134 

M(Sign) 
s s  

100% m x  
7S% 43 
5011 Med 
25% 41 

0% Mln 

ECange 
Q3 4% 
Mode 

Quantiles (Def -5 

0 - 5  99% o s  
0.2365 95% 0 41 
0.09 90% 0 38 

-0.085 10% -0.2015 
-0.501 5% -0 31 

1% -0.501 
1,001 
0 ,3215 
0.09 

Extremes 

Lowest Obs Eighest Obs 
-0 sol( 48 1 0 4( 14 1 

- 0 . 4 (  46) 0 4( 18 1 
-0 37( 16 1 0,42( 35) 
-0 25( 21) 0 45( 1) 
-0 2 3 (  53 1 0 5( 50 1 



Moments 

I? 
Mean 
Std Dev 
Skewness 
USS cv 

loo? Max 
751. Q3 
so* Med 
25% Q1 

O? a n  

Q3-QI 
Mode 

60 
0 00342 

0 . 039842 
-0,02913 

1164 . 964 
0 - 664911 

56 
1 

8 1  

o - 0 9 4 3 ~ 6  

sum wgts 
S= 

so 
0.2452 

0 003587 
3 619726 
0 . 093655 

29 
0.8939 
0.5137 

0 OOSZ44 
0.90a7 

Quantiles (Daf-Si) 

0.328 99) 0.328 
0.021 95) 0 0785 

0 90% 0 QIII  
-0 . O U Z S  lQ* -0 . 04 

-0  - 143 slr -a,oso~ 
0.271 

0.0332s 
0 

l* -u . f43 

Extreues 

am 
61 -0.143 ( 44 1 0.057( 

-0.OS3 ( I3 1 0.064( 28 1 

-0 048( 341 0.120 ( 29) 

Lomst ObS =@== 
-0.051( 1Q 1 0.093( 49 1 

-0 - 0492 ( 43 i) 0.093 ( 81 



60 SumWgts 60 Gza= sum 4 . 6059 
N 
Mean 
S t d  Dcv 0.244698 Variance 0.059877 
Skewness 0.775055 Zurtosis 3 110143 
uss 3.886322 a s  m 338.7625 Std Mean 
T Maanlo 2.430012 Pr:>ITI 
Num -- 0 55 Num'>-O 36 

0.0300 
0.0151 

M(Sign) 
sgn Rank 

Quantfles (Def-5) 

100% m x  
75% Q3 
50% Med 
25% 91 

0% Min 

1.01 99% 1-01 
0.20045 9S% 0 4s 

0 0794 90% 0 344 
-0 . 0835 10% -0  19 

-0.56 5% -0 28 
1% -0  56 

1.57 
0 -28395 

0 

Extremes 

Lowest Oba Highest Obs 
-0  -56 ( 35) 0.37(  2) 
-0.35( 26 1 0 44( 34) 

-0.3 ( 46) 0.46(  13 1 
-0.26( 47 1 0.65(  59 1 

-0 .2(  19 1 1.01(  50) 
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Attachment 2 
Statistical Comparison of 1983/1984 Sediment Data 

and RFURI Sediment Data 

1 o f 6  

Note The 1983/1984 sediment data are referred to as “Setlock hatoncal” data 111 thls memorandum 
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TO b v  Lange'DEY 

COPIES ,Mikt Bedan/DEV 
Roben Scnmo/DEN 

FROM Susan BlakeDEN 

DATE. July 23, 1993 

SUBJECI' Stansbcal Cornpanson of Setlock and RFEDS Data 

PROJEC" DEN30181X108 

'The Setlock btoncal plutomum 239/240 sedment data for Standley Lake and Great 
Western Reservxor (GWR) has been statlstlcally compared to the RFEDS plutoruum 
239/240 sedrment sample data to dercrmme If there IS a q m k a n t  drfference m the 
means of the data sets. For the Standley Lake sedrment data, there IS not a 
signrficant Merence rn the means of the Setlock and RFEDS data sets at a 95% 
confidence level. The data could be combrned for future data d y s ~ ~ .  For the 
GWR s e h e n t  data, there IS a sl@cant Merence m the means of the data sets 
The GWR Setlock p l u t o m  data should not be used for future data analp. 

The following describes the analyucal method used. The data analyzed are shown 111 

Attachment 1 to thts memo For four of the Standley Lake sample locauons 
(SED094922 SED09592, SED09695 and SED09792) there are three RFEDS samples 
In order to do a s~tlsucal t-test paxed by locanon (as requested bv EG&G), there 
needs to be one Setlock and me RFEDS sample value per locanon analyzed. To 
accomodatc ths, the RFEDS data was summanzed two Merent ways One way was 
to use the one RFEDS value at each of the four locauons that was sampled m the 
same m e  frame as the other RFEDS data used (see column STRFRES m 
Attachment 1) The other way was to average the three RFEDS values at each of 
the four sample loca~om wth more than one RFEDS value (see column RFEDSAV 
m Anachment 1) 

A t-test for paxed comparisons was performed dettrmme If there IS a sr@cam 
Merence between the Setlock and RF'EDS data. T ~ I S  cornpanson tests whether the 
mean of sample Merences between pans of data IS n p b n t l y  derent from zero 
The standard error Over whch th;ls hypothesis IS tested IS the standard emor of the 
mean drfferenct 
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a 
Attachment 2 shows the results of thrct compnsons u s q  SYSTAT sofrware 

S W e y  Sedoclt vs. RFEDS (br same date samples at the four locaaons) 
Standley Setlocic vs RFEDS (for atnragt samples at the bur locaaons) 
GWR Setlockvs. RFEDS 
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?PT-3E3 T-TSST OF SElzocg DATA TO aF!3S SAMPLE DATA 
I 7/23/43 1 17 30 A \SET2 SYS 

STSETW STRFRES EWEDSBVG 

N OF CASES 20 20 20 
MINImM 0 000 0 001 0 ,001 
z4axImM 0 553 0 190 0.190 
WmIV 0 063. 0 045 0 045 
STANDARD DEV 0 TI8 0 046 0 - 040 

N OF CASES 15 15 
HTNIMuM 0,013 0.014 
EmxImM 0 991 0 187 

0 -239 0 094 
STANDARD DEV 0 -253 0 , 049 

PAIRED SAMPLES T-TEST ON STSETRES vs s!mmizs WITH 20 CASES 

N DIFEZREHCE = 0 017 
ad DE- 0 0 115 
T -  0 640 DF = 19 PROB - 0.530 

MEAN DiETEREwcE 0 0 , 017 
SD D I E T E R W C S  = 0 116 
T =  0 641 DP = 19 PROB = 0.529 

PAIRED SAMPLES T-TEST ON GiURS&TRE VsGwRwRCs WITH 15 WEs 

MEAN D1-E = 0,145 
SD DIFFERefCE = 0 022s 
T -  2 498 DF = 1 4  PROB - 0 026 
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Attachment 3 
Revrsion to Statrstml Cornpanson of 1983/1984 Sedunent Data 

and RFI/RI Sedment Data 

1 of 10 

Note The 1983/1984 sediment data are referred to as “Sesetlock historical” data in this memorandum 
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I. 
TO 

COPIES 

FROM 

DATE. 

SUBJEfl 

PROJECI' 

Susan B1ake'CHZ.M HILL 

November 10. 1993 

Revrsion to Staasacal Cornpanson of Setlock and OU3 RFtRI Data 

DEN3OlSlXl OS 

INTRODUCIIONPURPOSE 

The Setlock hxstoncai pluro~uum 239E40 sehent  data for Standlcv Lake and Greak 
Wesrcrn Resemor (GWR) are staosncaIIy compared KO the OU5 RFI/RI piutomum 
259/240 sedunent sample data to detetrmrat If 1% IS appropnay to combme the Setiock 
data wth the OU3 RFURI data for further dara analps 

Thrs memorandum IS a m o n  to &e onpal an- performed tn July (refercnct 
memorandum dated 7/23/95) The ongxai analp was performed usmg a paxed 
t-tcst The OU 3 Work Plan (reference 21100-WP-OL3 1, secuon 6, ramon 1, p 29) 
spedes that the anahrsrs will be perfomed unng another wpe of pared analyss, 
referred to m the Work PIan as the Sign test. Hawever, the stausacal test descriied 
m &e OU 3 Work Plan IS known as the Wilaxon sgped rank tcst There 1s another 
stansr~cal test for uamd data called the Sign wt bur it IS not the tert described m the 
Work Plan. The S q  tcst IS less effiaenr than other nao~ncal tests for detecrmg true 
drfferences berwctn dara sets (Snedecor and Cochran, 1989) Therefore, the paxed t- 
fe~t and Wcaxon signed rank K ~ S T  are used tot thrs analms. T ~ I S  memorandum 
summanzcs the results of the paved t-itst and Wilcoxon signed rank test 

APPROACH 

The hvpothesls tcsted IS that the Sedock hstoncal piaxtomum a m y  levels are 
greater than or equal to the OU3 RFVRI piutoruum a m w  levels The Sctlock and 
OU3 RFI/RI data are matched by samule location and therefore mated as pared 
dam The null hvpothests IS that the median of the populauon of parred dtfferenccs IS 

equal to zero The aiternanve hypothesis IS the mcdxan difference IS not equal to 
zero 



ANALYSIS 

0 
The GWR and Srandley Lake sediment plutomum data are shows m Tables 1 and 1. 
rcspecnvely In Tabk 2, four of the Standkv Lake sampie locanons (SED0949-2. 
SEDO9593, SED09693, and SEDo972) have three OL'j RFVRI samples per locatior 
which were collecred on different dates In order to ocrfonn a stansncal test ~ 7 t h  

I 
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D t' \I 

GWR- EG4 1 

GWR-EG33 

daza pared t locanon. there needs zo be one Seriock and one OL'3 R F L R I  sample 
value per locanon analyzed. To accarnodare -&IS. the OU3 RFLRI dam are 
summanzed NO drffercnt wavs One wav 's to use the one OL'3 RFI/RI value at 
each of ;he four locanons that was sampled rn rhe same umt fnrnc as the other OU3 
RFI/RI aata used The other wav IS to average the W e t  OC3 RFI/RI values at eacll 
of the four samole locanons These rn wavs of summan;ang the data for analvslt 
are shown III Table Z Not all of the Setlock ulutoruum data amiable are used III 

these analvscs Only those samples whch have a corrcrpond~ng OL'3 RFT/RI sample 
are used 

SED14692 0 065 0 0667 

SED14792 0 430 0 1872 

TABLE 1 GWR SEDIMENT PLUTONIUM ACXTVITY DATA 

1 GWR-EGO1 I SED12892 I 0078 I 00460 11 
1 GWR-EGO3 I SED13092 I 0064 1 00419 11 

1 GWR-EG13 I SED13492 1 0.237 I 01030 11 

1 GqX-EG16 I SED13692 I 0.237 I 01190 1 
If GqR-EG18 I SED13792 I 0157 I 01060 1 

11 GWR-EG36 I SED14492 1 0013 1 00143 11 
1 GWR-EG35 I SED14592 I 0991 I 01533 11 



SL-33 

SL-10 

SL-29 

sL47 

SL-17 SED10192 I 01057 I 0.03% I om9l I om91 1 

sEDlos99, I 0-029 I 00377 I 0.0577 t 06377 It 

SL-3s 
SL-52 SED10692 1 0.027 I 0.0267 I 0.0267 I 00267 8 

S€I310892 I 0018 I 00170 I oCo170 I 00170 1 
SlarlrnI 0069 I 01440 I 01440 I Of440 H SL-30 

SL-01 SED11092 1 OOOO I 00011 I 00011 I U.oOF1 11 
SED11192 1 0102x) I 00155 1 00133 I 00153 1 

S L 4  -1 SED11391 I 0014 I 00117 I 00117 I 00117 
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Standley Setlock 
w I a q  of samples 

The parred t-te3t and Wilcaxon signed rank zest are used to make the foUowng 
cornpansons 

GWR Scdock vs GWR OU3 RFT/RI: 
Standlev Scriock vs Standlev OL'3 RFURI (same date samules) 
Standlev Scdock vs Standley OL'3 Rft'RI (average samples) 

0 017 0 116 

The resuits of the palred t-test are shown III Table 3 The mean and standard 
dmauoa of the drfferences are shown for each cornpansoh These stausucs are used 
to calculate a T-stansuc that IS used wth the degrcu of kedom (equal to the 
number of samples rmnus one) to deterrmne the probabtlrry of seemg such a result 
p e n  the null hypothem that the mean of the Mercncss IS zero 

0 641 

TABLE 3 RESULTS OF PAIRED T-TEST 

19 0329 NO 

I Ez I DsF 1 COMPARISON 

GWR Setlock vs 

standley Sedock 0017 0 115 
vs. ou3 RFYRI, 

same dare samples 

T-STAT DF PROB D P  I I I l l  
2.498 I 14 I 0026 I YES /I 

The GWR cornpawon shows the means to be s@cantk dr&rcnt with 95% 
confidence (I e, PROB=O 026 IS less than 0 Os) For the Standley Lake co111pamo11s 
K does not matter what sample values are used for the four locauons wth rnuiuple 
OL'3 RFI/RI samples Both cornpansons show the means are not stg&cantlv 
-rent wlth 95% confidence (te, PROB=OSO 0.529 are greater than 005) 

Table 4 shows the results of the Wilcoxon aged ranks USL Ths nonparamemc 
approach calculates a 2-sausnc based on ranks of the data. 
to dcterrmne a probabhty usmg normal a p p r o m u o n  IS the p r o b a b h  of 
setrng such a result p e n  the null hvpothess that the rnechan of the paxed 
drfferences IS zero 

2-stausnc IS used 
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T'LE 1 RESULTS OF WLCUXON SIGrNED U Y K S  TEST 
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Om I 
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The Setlock dam are compared wlth the Om RFT/RI data for Standley Lake and 
Great Westcrn R c s e m ~  usmg two Merent sumsncal tests (pared t-test and 
Wilctmn signed rank test) Both sansncal tests show no ngmficancc cl6krencc m 
the Setlock and OU3 R F I N  data for Standlcy Lakc at 95% confidence. Both 
stansad tests results show a sp6cant Merencc m the Setiock and OU3 RFI/RI 
data for Great W a r n  R - ~ K  at 95% cofidencc However, the mean and 
medxan acnv~ty I d  o f  the GWR Setlock plummum data arc h@er than the GWR 
om RE.?/RI plutonlux3l data. 

Based on these results, the Setlock data for both GWR and Standley Lake can be 
appmpnatdy cornbmed unth the OU3 RFI/RI data for future data analyses 
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NOTE, The onlv background data that should be used (for Ot's 3 through 16) m the OL' v 

Background cornpansons, are those ASCII files dared 9-30-93 or Mer previous m f o m t l o n  
rqardmg mtuxment detmon Imub, and earher file generattons of the background d a  
should be dscardea. 

PRACTICAL SUGGEsTliOhS FOR USERS OF RFEDS DATA (3-B94) 

The aandard RFEDS O U ~ U Z  format 
here as Appcnduc A, the new output forinat IS given here as Append~x B 

on Febnrary 21,1994 The old output format IS gven 

(1) How to deal with d Q p k  derccuon lrrmts 
(2) How to m a t  nondetccts 
(3) How to perform data cleanup 

a 

The srandard hpomng forma for RFEDS dara (through 1993) g~ws one field for the 
reported dcttcaon ht. Unfomtely,  tlus one field may c o m  either of three vanablts, 
tht msuument defecnon hmu DL). tht mtLhod detccnon Ixnxt (MDL), or the co&t- 
rcquurd detcctlodquanatanon Irmn (CRDLKRQL) The srgmkance of these thttt 
dSerent rypes of detccuon huts IS thar, for morgamc anaim (1 e ,  metajs and water- 
@v param~ctrr), the CRDL may be one to two orders of magmntds greater than the 
comsponcimg IDL for a pamcuiat analp 

The "Gansech rule" was proposed (m EPA camme~s on the I990 Background 
Geochemzcai Quvacrmrrrnon Repon) as an artanpt to cItmmatc the hgh-value non-detects 
from the data set. The "Ganxclsl rule" calls for txciusion of all nondctccrs greater than 
two tunes the mtnrrrtum rcpomng h u t ,  however, ths "rule" has come under cnuclsm as 
arbiuary and possibly not nrr_hnrcally defensible 

1 1 Summary and Recommen&ons 

* Decisions based on a graphrcal review of the dam dxsuiiunon arc thought to be more 
rccbcaL€y defensible than the general appkauon of an arbxuary rule (1 e the "Ganseclu 
rule"), even If the "rule" comes from EPA comments ?he use of professional judgement 
and tcchnxcally arguable reasorung are recommended lnplace of the "Gansech rule " It IS 
lncumbent upon the data users to documenr all stcps ln thev analysts of RFEDS data 

EG&G wlll review rhe graphcs j~mtly wlth the subconuactor, and provide guidance at thrs 
porn In the data aInlysIs 
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Tabie 1 INORGANIC TARGET ANALYTE U!jT (TAL) 
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Sanford er af (1993) tested the "accuracv" of different replacement merhods for non-detccrs 
evaluaung the accuracy of different methods bv the root mean square error and by a scomg 
system- Sdxd er ai (1993) concluded that the performance of the differem replacement 
methods were, as follows 

SCORING OF DIFFEREivT REPLACEMENT METHODS 

40% Nondetects 93 R 89 A 64% 

80% Non&uczs 61 % 54% 29 % 

Thmfore, for as much as SO-percmr non-detects, sunpie subsutunon and MLE have been 
shown to have stmrlar "strength" (ste Sanford al , 1993) In cases with greater than 80- 
percent non-dctccts, the results ob- from sunple submumon and MLE may be qulu 
drffcrrnt, and  an l a d  to M e r e n t  - POSibly OPPOSI~C - CO~C~USIOXE 
c#tarply Chc wlom possible ucauncnt of nondctects IS to drop them from thc data set 
(Helsel, 1990, Sanford ct ai , 1993) Non-detccts should iyEvER be excluded from any 
StatMCal companson of OU versus background data. 

G u m  the CUrrmlaQvc ummamcs throughout tht processes of samptmg and d d  
analyss, the possible error lIIpoduced by usmg nmple subsaruaon rather thaa usmg MLE 
rqlacunleat of non-ckaxs IS probably acceptable The standard pracace for trtam~cox of 
aondetects, as gxven rn EPA smnsucal pdance for RCRA stcs (1989, 1992), calls for 
srmple subsamon usxng 'A the *on irmtr, for non-detccr rates of as mrreh as 15 
pe= 

2.2 Summaxy and Recommendations 

* Data for WW all  Ilptt deslgnaaons arc blank. should be delezed from the w o w  data set 
If it IS not possible to obtatn venficanon of u~llfs 

* As a replacement value for any nondctect pnor to standard staflstlcal analyses, thc data user 
may choose to do thc followmg 

> Use H the reported d e m o n  lmt, for replacement of nondctccts 

> h h x m u m - l h m  mtthods (set Heisel, 1990), rn wiuch nonhtcas arc fitted to 
a dsmbunon and assigned a range of values, may also be used as a method of 
rcplacrng non-detects (NOTE Thu method does r e v  the analyst to choose a 
d m b u a o n  - either lognormal or normal - to asstgll values to nondewczs The 
analyst should also be awan of back-aansformauon blas rn the case of log- 
transformed data ) 

Bascd on the study of Sanford er a1 (1993) and EPA CERCLA grudance, the 



> If* resuit q u a h k  (for ti#lqamcs) 1s "B" (taditamrgthatthc result was above the 
IDL but below the CRDL), the res& ts taken P k a- value (see Appexiur 
c) 
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3 0 ISSUES REGARDING DATA C L E A i i ,  

The so-called "data cieanup" of RFEDS oumut 1s mosrly a task to make the data consstent 
T ~ I S  cons~sts of a umeconsurmng senes of sups (whxch should be documenrcd bv the data 
user) mcludrng the sfandarduatron of u t s ,  standarduauon of geologc coda 
aada&zanon of locaaons If the locanon designaaon has chan3a1 over m e ,  
nandarduanon of analp names (usage has chn@ over the years), deleuon of blank 
" f o r m v r a t c d "  records for whch no lwuIu arc gxven, exciusion of QC data (nnsarts, 
etc ) from the w o w  data set, removal of any njetrcd (Val = R') data, repiacement of 
son-vaiidarcd rrcords wlrh comspondrllg valukrcd records (If available) comftlon of 
mcorrca mts (e g , pH should have 'PH' as the um, not 'MG/L' as the mt), ucament 
of qc D U P W  p m ,  appropriate use of DIL data, o&r analysis, etc 

- 

Upon receipt of RFEDS data, thc user should venfy the field postuons of all vanables m 
the RFEDS ASCII ouqlut file After venficauon, the AScIl N e  may be transformed lllfo 
data files for aspec* software (e g , SAS, Lotus, Excci, SPSS, etc )to beuscd mthedata 
man~pulaaon. It IS recommended that the user create successive gentrauons of &e data frles 
rather than ~ust  connnually updatmg the ongrnal dam me, tfus srmphfies data anaiysrs If 
back-trachg IS rtquurd for any reason. 

(2) Second gencraaon of dam files, drop QC samples (exccpt qc DUPs of DUP/REAL 
parrs), E J C C ~ C ~  dara, blank form-gencraci records, tcntauveiy &m&d compounds 
(TICS), etc Create new m b l e s ,  usmg vaIdatcd data (where av;uiable) to 
supersede non-valrdattd resuits, u t s ,  quaMcrs, and daccuon lrmrts S tamhd~~e  
urns mdun each analp SUIU Note &at xn the old RFEDS ourput format 
(Appendtx A) thcre were vanable fieids enwted "Qualrfierl (lab quahfkr), 
"Vaixdaucm" (the vafidanon code), and "VQuai" (the vahdauon qaahfkr) The 
valrdaaon quahfk ("VW") should supmedt tht Iab quahficr ('Qualtficr") The 
validaaon code ("Vakkon") IS a code, not a quaKfier 

In the new REDS output f o m t  (I e , data extracttd afur February 21, 1994), the 
Vairdauon qualrfier ("VQual") field IS not prrsent, ratfitr, the valrda#d qualfier will 
arrtomatlcally replace the lab quaffier ("QuaMcr") Thc vahdaaon code field 
("Vahdauon") wdl snll xndxcacc whether the dawn IS acceptable (Vahdauon = A. 
V, or JA), or ~jectcd (Vahdauon = R), or other 

Srandardrze locanon names If designauons have changed over m e  (check cross- 
reference lxsungs of well locauon names ecc) Smndardtlt geolog~c codes 

239/240" etc ) (NOTE standardlrauon of analyre names and ~ K S  should now be 
StandarclKC analyte names ( e g  "PLUTONIUM-239240" = "PLUTONIUM- 

aufomatlc ln the new RFEDS data output) 



3.1 Summary and- 

The new RFEDS program for uploadlag data now runs autamanc checks to ensure 



standardmuon of m u  and a n a l p  names checks to ensure thar appropnate QC samples 
art mcfuded, and checks for completeness of analnc SUES 
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X other (OW samples) rcsuit by calculanon defined m Yes  
GRRASP 

Note on the use of X quahfiers X IS ckflncd III the GRRASP as a rcsult dcccrrmned by calcuIax~on, not by 
laboratory analys~~ Therefore, for samples ad- dunng the penod thar the GRRASP has been rn effect (sum January 
1992) the results quahficd by an X anll be treated Y emmated VaIUes (s- to I) For huronc clam, when the 
GRMSP was notwdby laboatones. anX -has ~ w o  dcfin~nons For orgvlrcs the X IS a flag entered manually 
by the laborarory, but IS nocdcfiaed mRFEDS Therefore, organrc results quaMcd bv X arc not considemiusable dam, 
unless zvaildateddt IS g~ven. For I I L O ~ ~ U C S ,  anX quhfier mhcatcs t h a f r h c ~ c m  irmnfortfic adye IS &@er 
than n o d  dut to matnx mdcmcc Irrorgan~cs qualrficdwtthanXwdIbemucd Iike a J rrsuit. The Xqua&ficr 
IS somaxmes also used wrthothrr quahfks (i e ,  UX, XJ), rnthtse cases, the mcanmg of X depmds on the d y t e  and 
the datc of tht analysis 
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Stausucal Cornpanson of RFP OU 3 CDH and RFP Sod Samples 
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INTRODUCIIONLPURPOSE 

lhs memorandum documems the s t a t ~ ~ ~ c a l  adyns  that was perfoxmed to d e t e m e  
I€ the RFP OU 3 Colorado Depanment of Health (CDH) soil sample data are 

combmrng the data for further analyss CDH and RFP data were a d p d  and 
compared for the followmg radronuchdes Amencnan-241, piutomum-239/240, 
uraaru~ll233/234, --25S, md manr~m-238 

APPROACE 

The staastrcal hypothesls tested IS that the CDH rahonuchdes a m y  levels are equal 
to the RFf rachonuchdes actnnty levels The CDH and RFP soil data arc matched bv 
sample locatxm and therefore are treated as parred data. The null hypothess s that 
the medran of the populanon of paxed drfftrences IS equal to zero The altematwe 
hypothesls IS the medm Mercnce IS not equal to zero 

I 

If the null hypothesls IS not rejected (1 e the me- of the drfferences IS not 
sr@cantly Merent kom zero), then it IS concluded that the me- of the CDH 
data IS not sq&cantly Merent h m  the medm of the RFP data and the data are 
combmed for further analysrs I€ the null hvpothtsls IS repaed, then it 1s concluded 
that the CDH and RFP samphg result medians are stausncally simcantlv different 
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a 

The SAS PROC UNI results for each radxonuchde analyzed are shown ur the 
Appenefix to thrs memorandum The results are for CDH rmnus RFP values for each 
sample Iocauon. N ls the number of pared Merences or samok Iocauons The 
results of the pared t-tests and Wdcaxon signed rank test are shown m TabIe 1 The 
mean, srandard dcvxauon, N, and p-values are shown for each cornpanson. 

TABLE 1 SAS RESULTS OF CDH AND RFO PAIRED "TS 

CDH- Dlff DlffStd N t-test WSR DlfP 
RFP I Mean I Dev I I P-value I P-value I 

Am-241 I 000033 I 00428 I 57 I 09536 I 06533 I NO 
Pu-239 I 003985 I 01852 I 61 I 00981 I 09781 I NO 

I240 

Ur-235 I 000342 I 003984 I 60 I 0.5087 I 0.5137 I NO 
Ur-238 I 007677 I 02447 I 60 I 00182 I 00151 I YES 

The t-test and Wilcaxon siged rank test results arc C O ~ ~ Z I L  The mean Mertnce 
IS posmve for all the rachonuchdes md~camg the CDH values are on the average 
w e r  rhan the RFP values. However, the uramum-133/334 and mum-23S CDH 
and RFP companso~~~ show the only staasncaily srgmf?cantiy dxEerenCes wlth 95% 
coddence (LC, the pyalues are less than 0 OS) These TWO sraosncaily stg&cant 
dteCerences were evaluated funher 

Summary s t a t ~ t m  of urannnn-a3/234 and uramum-138 CDH and RFP methods are 
shown m Table 2. The dlffcrcnce m the means of the CDH and RFp method for 
uran1um-mn34 IS 0075 p u g  The Merencc m the means of the means of the 
CDH and €'UT methods for ~xramum-238 methods IS 0 077 pCdg These dsffermcts 
were deterrmned to not be physically simcant. The other descnpave statlsucs ior 
the CDH and RFP groups for m u m - Z 3 E 4  and umum-238 were quahtanvcib 
considered to be slrmlar 
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INTRODUCTION a 
In Sechon 5 of the Work Plan data quality objechves (DQOs) were identified for the OU 3 RFVRI 
project This appendix discusses the results of the OU 3 data quahty and usability evaluation with respect 
to the estabhshed DQOs The precision, accuracy, representativeness completeness, and comparabhty 
(PARCC) of the data set were evaluated separately to d e t e m e  overall data quality and thev usability 
toward mtended purposes The results of the PARCC analysis indlcate that the DQOs were sahsfied by 
the samplmg and analysis effort conducted for OU 3 Therefore the data are deemed useable, as 
quahfied, for the mtended purposes In addihon, a review of field samphng achvitles was conducted by 
Internahonal Technology Corporahon (IT) on July 15 1992 Results of this review stated that Standard 
Operatmg Procedures (SOPS) were bemg implemented dumg the samplmg effort 

Data Source and Data Qualifiers 

The Rocky Flats Envlronmental Data System (RFEDS) database for OU 3 was used in the PARCC 
analysis The database contiuned mdependently validated data with quahfiers apphed by the laboratory 
as well as mdependent data validators h o r  to p e r f o m g  the PARCC analysis, quality checks were 
performed on the database m terms of completeness replicate records, consistency rn chemcal names, 
units and reported values, extent of independent VdidahOn and consistency m validation qualfiers 
After necessary modificahons and correchons, the database was found to be acceptable for perforrmng 
the PARCC analysis 

For the benefit of the reader the defmihons of the laboratory and mdependent validahon qualifiers found 
in RFEDS database are presented below Before submmg the data, the laboratory deterrmnes the data 
quality and applies qualifiers as requued by the method After receipt, the data quahty IS mdependently 
checked by data validators The laboratory data qualfication often focuses on contractual or method 
compliance requlrements while the mdependent data validahon focuses more on data usability For this 
pnmary reason the cntena for data qualfication are often different for the laboratory and the data 
validators In any event, the independent data validahon quahfiers supersede the laboratory qualfiers 

Laboratory Data Qualifiers 

The laboratory data qualifiers are pnmanly those specified m the Envvonmental Protechon Agency 
(EPA) Contract Laboratory Program (CLP) organic and morganic method protocols or adapted from the 
CLP protocols Some differences exist between the laboratory qualifiers used for organic and morganic 
data therefore the laboratory qualifiers for the two types of analyses are presented separately 

oratory-Assmd Qualifiers-Or- 

U - Indicates that the compound was analyzed for but not detected The m i m u m  detechon limt for 
the sample is reported with a U, after correctrng for such parameters as concentrahon and dduhon 
actions and moisture content (as applicable) 

J - Indicates an eshmated value This qualifier is used either when eshmahng a concentrabon for 
tentatively identified compounds or when the data indicate the presence of a compound that meets 
identification cntena but the result is less than the specified detection l m t  

G- 1 



RFER 96 0029 UN 
F m l  RFulpI Operable Unu 3 

B - Tlus quahfikris used when the analyte is found mthe laboratory blankas wellas m the -le 
It m&cates possible or probable laboratory blank contmmahon 

C - Ths qu-r apphes to pestlclde rwuh only The "C" quahfier mchcates the presence of a 
partrcularcompoundhas been cdirmcd by Gc/MS analysls 

E - l h s  qualdier apphes to GC/MS only Ibe "E"qu~urc)lcatestbattheccmcentratmnof the 
assocmted compound is above the upper calxbratm range ofthe mstrummt 

D - "Ius q d k r  mchcates that thereported value wasobmnedfrom a sarepleddubed tobnngtbe 
concentn&on of c o w ,  exccedmg the upper & W o n  range (see T qwthkr above), Hnthm 
the c&Won range of the lnstnrmcnt 

U - l h s  quahfk d a t e s  that the elemeat was analyzed for but was not detecaed The RnRtmum 
detectron lumt for the sample ts mpcxtcd mth &e U, after wrrectms for such hhgs as cuncentn&on 
and ddubon actmn, and mostwe content (as qpheable) 

N - This quahfkr rndicates that the spdce sample rtcovcIy is not w i t h  control huts 

B - Thls q d i e r  dcates avalue less thaa the spxfieddetc&cm k t  

+ - Comlmon coefficient for the MSA LS less than 0 995 

* - Indicates that the duplicate prcclsion cnterra were not met. 

The laboratory qualrfiers are sometunes used m vanow combmons, as appropriate, to d c a t e  more 
than one type of qualrty control problem 

Because dependent data vahdatmn IS COIIcerned with dataudxhy, the same set of quaEfkm fs apphed 
to 0-c as well as m-c data The vmous m o n s  for Momtory q\rsthty corltrol proBlems itre 
reduced down to a smgle or a set of Qurrlrficas mchcatmg overall data vi&- and acuptabhty The 
mdependent data v&dator-assigned quahfiers axe described below 

U - The mated  was analyzed for, but not dcte&ed 'Iha a s s o c d  numncal value is the eStrrnatrrl 
l m t  of quanbmon for the sample 

J - The assocmted numencal value fs an estmaWquanhty because control mtem we= not met or 
the reported value IS below the specrfied detcctmn h t  

e 
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JA - Eshmated acceptable 

R - Quality control indcates that the data are unusable (compound may or may not be present) 
Resamphg andor re-analysis is necessary for venficahon 

Z - No analyhcal result (morganic data only) 

Q - No analytical result (organic data only) 

N - Presumphve evidence of presence of matenal (tentative idenhficahon) 

A - Data are acceptable, with qualficahons 

V-Dataarevalid 

VA - Data are valid and acceptable with qualficahons Indicates the sample was not validated 

Tables G-1 through G-4 show the vahdation counts for Real and QC samples by medium, and also show 
the reasons that data were assigned specific validahon codes 

Medium 

BI 
BI 

GW 
GW 
GW 

PT 

SD 
SD 
SD 
SD 

ss 

sw 
sw 
sw 
sw 
sw 

UN 

Qc 
GQ& 

Real 
Real 

Real 
Real 
Real 

Real 

Real 
Real 
Real 
Real 

Real 

Real 
Real 
Real 
Real 
Real 

Real 

Table G-1 
Validation Counts for Real Samples by Medium and Sample Analysis 

Sample 
Anaksls 

Metals 
Radionudides 

Metals 
Radionudides 
Water-Quallty 

Radionudides 

Metals 
Radionudides 
VOAS 
Water-Quallty 

Radionudides 

Metals 
Radionudides 
Tnpestiades 
VOAS 
Water Quality 

Radionuclides 

Total 
B#GQr& 

748 
1511 

928 
83 
128 

552 

6405 
1937 
616 
241 

658 

2884 
718 
126 
340 
708 

15 
18 598 

Total 
Non Val 
EBm& 

0 
22 

232 
18 
48 

3 

1 97 
82 
38 
79 

90 

219 
1 
22 
0 

56 

Q 
1107 

Total 
Val 

Rscordr 

748 
1489 

696 
65 
80 

549 

6208 
1855 
578 
1 62 

568 

2665 
71 7 
104 
340 
652 

I5 
17 491 

NUlllbM 

R- 
BSQrlh 

17 
114 

9 
0 
0 

204 

302 
121 
227 
18 

31 

23 
100 
0 
10 
3 

Q 
1179 

731 
1375 

687 
65 
80 

345 

5906 
1734 
351 
144 

537 

2642 
617 
104 
330 
649 

xi 
16 312 

UUbb 
Data 

E!&h 

97 73% 
92 46% 

99 03% 
100 00% 
loo 00% 
63 04% 

95 28% 
93 75% 
63 15% 
92 53% 

95.29% 

9920% 
86 07% 
100 00% 
97 06% 
99 58% 

1Qe[lp 
93 2% 

G3 

... 



W B R  96 0029 UN 
Fml RFInU Operable Unrt 3 

u b u n  

OW 
GW 
OW 
OW 
GW 
GW 
OW 
GW 
GW 

m 
m 

SD 
SD 
SD 
SD 
SD 
SD 
SD 
SD 

ss 
ss 

sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 
sw 

Qc 
WR 

Dup 
FB 

RNS 
Dup 
FB 

RNS 
w 
FB 
RNS 

Dup 
RNS 

Dup 
RNS 
Dup 
RNS 
Dup 
RNS 
Dup 
RNS 

Dup 
RNS 

Dup 
FB 
Ms 
RNS 
RNS 
BB 
Dup 
FB 
LR 
Ms 
RNS 
RNS 

FB 
Ms 
RNS 
Dup 
RNS 
TB 
Dup 
FB 
MS 
RNS 

Dup 

Table Gd 
Validation Counts for QC Samples by Medium and Sample Andysh 

Tohl 
Breordo 

58 
58 
I 
5 
5 
5 
8 
8 
8 

!a 
57 

421 
261 
114 
63 
89 
34 
15 
9 

79 
40 

754 
88 
58 

726 
216 

1 
207 
22 
16 
28 

203 
524 
32 
2 
2 

25 
137 
408 
68 

118 
13 
12 
la 

5208 

Totls 
w#I.vII 
Bamh 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
0 

1 
0 
0 
0 
1 
0 
1 
0 

25 
1 

54 
1 
0 

34 
27 
0 
0 
0 
0 
0 
0 

69 
4 
2 
0 
4 
1 

34 
0 

10 
0 
0 
Q 

Tahl 
vd 

EaEsfh 

58 
58 
58 
5 
5 
5 
If 
8 
8 

52 
57 

420 
281 
114 
69 
88 
34 
14 
9 

54 
39 

too 
87 
I 

692 
109 

1 
207 
22 
16 
28 

208 
45s 
28 
0 
2 

21 
136 
374 
68 

108 
13 
12 
m 

hhrnkr - 
Ekfauh 

1 
1 
0 
0 
0 
0 
0 
0 
0 

23 
28 

29 
4 

10 
2 

32 
1 
1 
0 

7 
0 

6 
1 
0 

16 
0 
0 

14 
5 

10 
0 

21 
3 
0 
0 
0 
0 
2 
2 
2 
1 
0 
0 
3 

NmbW 
w# 

ImldR 

n 
57 
57 
5 
5 
5 
8 
8 
8 

29 
29 

sen 
251 
104 
61 
36 
33 
13 
9 

47 
39 

604 
86 
58 
676 
188 

1 
193 
17 
6 

28 
182 
462 

28 
0 
0 

2l 
134 
372 
66 

107 
13 
12 
lu 

uII#r 
Drh 
f!s& 
98.28% 
9828% 
9828% 

100 00% 
10000% 
10000% 
1oo$o% 
lOOQ(r# 
loo 00% 

5660% 
50.68% 

93 11% 
9847% 
91 23% 
98 83% 
53.62% 
970696 
93.33% 

100 00% 

91 14% 
10000% 

!3920% 
88.86% 

100 00% 
9780% 

loo m 
100 00% 
9324% 
7727% 
37m 

loo 00% 
m66% 
9943% 

loo 00% 
lOOO(m 
100LlO9b 
loo 00% 
98.54% 
8961 % 
9706% 
99 15% 

loo 00% 
loo 00% 
Baa 
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Table 6-3 
Rejected Data Reason Code Summary - 

392 
361 
326 
213 
168 
165 
161 
160 
146 
118 
95 
92 
90 
76 
44 
41 
38 
34 
31 
31 
29 
25 
21 
12 
7 
6 
6 
3 
1 

BQammMk 
57 
52 
78 
10 
59 
13 
4 
62 
32 
27 
70 
8 
18 
99 
85 
60 
61 
58 
30 
51 
41 
21 
36 
9 
2 
1 
77 
88 
53 

W Q C  Samples and Analyses 

Field as well as laboratory QNQC samples were mcluded m the sampling program to allow for 
d e t e m i n g  the success of the field samplmg as well as the laboratory analyt~cal effort Field QNQC 
samples were collected as specified m the Field Samplmg Plan (FSP) Pnmanly, field duphcates, field 
blanks and equipment nnseates were collected for vmous samplmg media at the frequency specified m 
the FSP Table G-5 lists the types and number of field QNQC samples collected per samplmg &a 
and analytical suites 

Laboratory QNQC consisted of mstnunent performance checks and sample- and compound specific 
analyses as requred in the analwcal methods The types of laboratory QNQC analyses are too 
numerous to list here, but generally consist of mstrument tuning and performance checks, mitlal and 
conmumg cahbrahons mdependent standards method and mstrument blanks, ma- spdces, and 
duphcates 

PARCC Evaluation-Assessment of Data Usability 

To evaluate the usability and validity of the analytical data the precision accuracy representativeness 
completeness and comparability (PARCC) were evaluated To ensure compltance with DQOs protocols 
from Evaluation of E M  Data for Usability in Final Reports (EGBrG 1994) were followed These 

GS 
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Tablo G-4 
Validation Reason Code Dascriptions - Dommber 17,1993 

YII 
1 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
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Table 6-4 (Continued) 
Validation Reason Code Descriptions - December 17,1993 

yal Daacription 

54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

Incorrect reported actMty or MDA 
Result exceeds linear range send dilute val reported 
IDL changed due to significant figure discrepancy 
Percent solids < 30 percent 
Percent solids <lo percent 
Blank actMty exceeded RDL 
Blank recovery cntena were no met 
Replicate recovery cntena were not met 
LCS relahve percent error cntena not met 
LCS expected value not submlttedhenfiable 
Non mwabldnon-certified standard was used 
Trawr/spike alquot non venfmble 
Camer alquot non-venfiable 
Sample results not submittedlvenfiable 
Frequency of qualtty contrds amples not met 
Samples not disttlled 
Resolubon cntena no met 
Unit m e r s o n  of results 
Calibration counbng stahstm not met 
IPA not performed 
LCS data not submitted 
Blank data not submitted 
Instrument gain and/or efficiency not submitted 
Detector eff iclency cntena not met 
MDAs were calculated by rmewer 
Result obtained through dilubon 
Spunous counts of unknown ongin 
Repeat count outside of 3 sigma counttng error 
Samples results were nof ConeCzBd for decay 
Samples results were not induded on Data Summary Table 
Key ftelds wrong 
Record added by QLI 
Results consid qualltatnre not quanhtabve 
Lab did no analysls for UMS record 
Blank corrected results 
Sample analysis was not requested 
Sample result was validated due to analysis 
See hardcopy for further analysrs 

procedures are based on requrrements set forth m the Quality Assurance Project Plan Manual (EGhG, 
1989) DOE Data Management Requlrements (DOE 1993), and EPA Guidehnes (EPA 1987) To 
comply with EG&G s request, c e m  parameters were modified to reflect general acceptance gudelmes 

Precision 

Precision measures the reproducibihty of measurements or degree of agreement among replicate or 
duplicate measurements of a parameter Specifically it is a quanhtahve measure of the vanabdity of a 
group of measurements compared to thelr average value The objective of calculatmg samplmg and 
analytical precision is to demonstrate that reproducibihty of measurements between simtlar samples is 
acceptable Precision is usually stated m terms of standard deviation (SD) or relative standard deviatlon 
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T.M. G-5 

120 
12 
6 

110 
11 
5 

205 
n 
21 
0 
0 

41 
4 
2 
2 

10 

2 
1 
1 
1 

122 90# 
14 10% 
7 5% 

81 90% 
11 10% 
10 5% -- 

2a !mi 
16 ?O% 
9 5% 
0 a% 
0 096 --- 

54 90% 
53 10% 
21 5% 
5 5% 
2 

2 9oK 
1 lu% 
1 !5% 
1 5% 

tOl% 
lt96 
6% 

74% 
14% 
t2% 

138% 
6% 
3% 
096 
0% 

132% 
98)6 
3Ip16 
9% 

too# 
!io% 
50# 
50# 

CmP 

2 
2 
1 

19 
0 
5 

7% 
-5 
12 
0 
0 

M 
$9 
19 
3 

0 
0 
0 
0 

nc-w 

11% 
1% 
1% 

16% 
4% 
7% 

48% 
4% 
2% 
OK 
096 

42% 
88% 
34% 
4% 

10% 
40% 
4% 
45% 

(RSD), if a stahsucally sufficient number (mmrmalIy 5) ofreplicate measuremnts are avdable 
However, other estxmates, such as r e h v e  pemnt drfference m), range, and dat~ve  range, am more 
appropnate xf only a h t c d  number of rephcate r m i s u r e w  aie avahbk 

RPDs were used to assess the precrsron of the andyt~cal data. The formula for WD IS 

where 

RPD = Rehve  percent ddfcrencc 
Cave = Average of the rephate conoantratm Ilacasurements 

C, = Concenmon of analyte m the sample (REAL) 
C, = Concenmon of analyte m the duphcate @UP) 
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A replicate sample could be a laboratory or a field replicate A laboratory replicate generally indicates 
the analyhcal precision, while the field rephcate encompasses the sampling as well as analyhcal 
precision The data from the field ongmal and duplicate samples provide a measure of the samplmg 
precision and sample homogeneity (1 e , the amount of error m the data attnbuted to samplmg techque, 
or to vanability m the analyte concentrahon m the medium bemg sampled) The precision analysis 
presented below is based on field replicates because they mclude field vanabllity in addition to the 
analpcal vanabhty To assess laboratory data quality, laboratory precision was evaluated by 
independent data validators 

The procedure for collectlon of field replicates is dependent on the medium bemg sampled In 
groundwater and surface water samplmg events field replicates are collected following the real sample 
collechon, and are collected usmg idenhcal sampling techniques Due to homogeneity of the aqueous 
samphng media, the aqueous replicate samples are true ‘duplicates ” For SoiYsedunent and other solid 
samplmg media, it is necessary to obtam splits of the mterval being sampled, with the sample and 
replicate being collected usmg the same technique Due to heterogeneity of the solid media, the sod 
replicates are not considered duplicates’ m the true sense, rather, they are collocated samples 

Because the solid me&a samples tend to be less homogeneous than water samples, the target RPDs for 
sohd samples are generally set higher than those for water samples The acceptable laboratory precision 
is a maximum of 20 RPD for water samples and 35 RPD for sod samples When accountmg for 
samplmg precision the overall precision goals for OU 3 samples were set at 30 RPD for water and 40 
RPD for relahvely homogenous soikdiment samples (see Sechon 10 of the Work Plan) The RPD 
cntenon is not applicable to biological matrrces and heterogeneous SoiUsedunent samples 

Because of a limted number of field replicate samples from a gwen locaQon the precision of the OU 3 
data set was evaluated m terms of RPD by compamg results from the real and duphcate samples The 
followmg discussions wll concentrate on RPDs as specified in EvaZzuztron ofERM Datafor Usabdrry m 
F~nal Reports (EGBrG, 1994) and the Work Plan 

The RPD evaluation is valid only if the ongmal and the replicate sample values are positive (detects) It 
is not uncommon for envuonmental samples to produce a posihve result and a nondetect for the replicate 
p m  In order to perform a meanmgful precision analysis, the RPDs were calculated considenng only 
those results where both rephcate values are posihve Table G-6 presents a summary of the rmnimum 
maximum, and average RPDs by medium and analfical suites The aggregate RPDs presented m Table 
G-6 were calculated from respective mdividual chemcal RPDs presented m Table G-6 This method of 
aggregation is acceptable because the RPD goals presented m the Work Plan are not chemcal-specific 
(1 e all chemcals m a samphg media have the same RPD goal [30 percent for water samples or 40 
percent for soiYsediment samples]) With respect to the histonc RPDs from the CLP laboratones, the 
aggregation of the individual chemcal RPDs is mappropnate, because the histonc RPDs are chemcal- 
specific The histonc RPDs are not used in a dwct fashlon to d e t e m e  data quality rather they are used 
to supplement the conclusions denved from companson to the goals presented m the Work Plan 

A close exarmnation of Table G-6 mdicates that the overall average RPDs for total and dmolved metals, 
water quality parameters trrpeshcides and volahle organic analytes are acceptable for all samphg medla 
(less than 30 or 40 RPD dependmg on the sample matnx) The =mum RPDs listed m Table G-6 
represent the highest observed RPD for any analyte m the samplmg media For example, the maximum 
RPD of 55 for total metals m groundwater corresponds to copper replicate analysis for locahon 49292 
Values of 4 4 and 2 5 pg/L were observed for the duplicate par Both of these values are significantly 
below the lower reportmg limt of 25 pg/L for copper therefore high RPD would have been expected 

I 
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T.M. 0.6 
RPDs by kdium md Analytical Sub  

Ma4um 
OW D 
OW T 
OW 0 
OW T 
OW T 

PT T 

SD T 
SD T 
SD T 
SD T 

ss T 

sw D 
sw T 
sw D 
sw T 
sw T 

Metels 30 11 11 44 
30 13 11 000 
30 3 1 8 13 

Metale 

l b r b d k h  30 2 0 8290 
Hkrtsr-Que#y 30 7 5 080 

40 27 14 3.97 

fhlab 40 580 514 0.00 
lusawMm40 163 117 om 
VOAS 40 2 1 000 
WsterQlWy 0 fa 10 13 

iwkmcms 40 56) 40 000 

Metels 30 a3 59 OW 
Metelc 30 114 98 800 
Radiormd#es 90 12 7 267 

30 25 9 5.82 
wa$r.Qua#y 30 53 40 000 

Anrrg, 
Bep 

3.16 
12 08 
4906 

32274 
30 74 

45.82 

16 00 
3s.n 
1.23 

35 15 

27s 
12 61 
40.92 
9778 
9.70 

?om 

ylabmw 
Em 

94@ 
55.07 
96.a 

58258 
133 33 

122 58 

136.28 
150 78 
141 48 

883 

167.35 

18620 
8542 

14286 
878.07 
8646 

In contrast to the analyt~cal swte dtscussed above, the average RPDs for rzxlmmc- e x d  the RVD 
goal for practically ail smpltng xmdm For radaonwWs, pmmim IS better wheaoniy daected 
repkates paus are evaluated Th~s 1s not suqmsmg because a majorrty o f d &  concmtrat~ons 
are near the lower h i t  of detectm (where the cclo~s IU memmmmt am rehvely large and detect- 
nondetect observat~ons or even ntgcltrve observatxmare probabte) The actmtmi observed ID most 
rnstances are at levels m c l ~ t u t p W  from the mknurn detacCsMe act~v~ty In praacahty* no real 
Menznce emts between thereat feBult and the -hate result. although thecalcubtsd RPL) is lugh 
Therefore, nondetect values were not usad to calwiate precision values Only pcatne -on values 
were used to precision dues 

The RPD evalmon IS most meaum@l when bo& npllcate values am CteEeCts, B i t ~ t r a h o n s  
significantly above the h u t  of detectton An exanmahm of G-7 reveals that generally where hgb 
RpDs are calculated, the reponed values are very low Thrsappamnt-between tbe~@.~cate 
pavs does not mply that the sanqpfing or analym methods are fauky or mapppm& It smply points to 
the lmtauon of applymg the RPD-based cvaluatxon to low-level concentmtqs 
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The average vanahon in results for solvsediment replicate samples is larger than that for aqueous 
samples, due pnmanly to the heterogeneity of the samplmg media, but when there are substanhal 
detechons (significantly above the l m t  of detechon) the replicate values agree well with the ongmal 
sample results for all samphng m d a  

Because the overall precision based on most of the analytical suites is acceptable the samplmg methods 
are deemed to be appropnate and properly unplemented The same samplmg methods are used 
regardless of whether the samples are analyzed for water quality parameters or radionuclides The 
apparent unprecision of the radionuclide data is not related to samplmg, but to the mherent error of the 
measurement process 

Accuracy is a quanhtahve measure of data quality that refers to the degree of difference between 
measured or calculated values and the true value of a parameter When referencing data quality, accuracy 
is a measure of how closely an analyhcal result corresponds to the true concentrahon m a sample The 
accuracy of data obtamed in an mvestigahon is a funchon of the samphng technique, potenhal for sample 
contammation, and analpcal capabdihes of the laboratory Sources of error include the samplmg 
process field contammahon preservahon handlmg sample matnx sample preparahon and analysis 
techniques Samphg accuracy may be assessed by evaluatmg the results of fieldtnp blanks, where as 
analyhcal accuracy may be assessed through the use of known and unknown QC samples and matnx 
splkes Accuracy is evaluated by analysis of reference samples of known concentrahon, percent 
recovenes for splked samples, and by review of blank data (1 e , field blanks, tnp blanks), all of which 
may have an effect on measurement accuracy These data were mcorporated mto the OU 3 database 

Measurement accuracy was evaluated quanhtatively through percent recovery (8R) measurements 
obtsuned from the laboratory splked samples Field splkes were not performed for the OU 3 samplmg 
events 

0 

The percent recovenes for splked samples (MSMSD) were rewewed by the mdependent data vahdators 
(Quantalex) dunng the data validahon process Based on a prehmary review the data were qualfied 
appropnately Along with the data vahdation qualifiers (V A R etc ) the reason for assignmg that 
quahfier was coded mto the database 

The accuracy (%R) of the laboratory spke samples was d e t e m e d  using 

%R = 100 * (SSR-SR)/SA 

where 

SA =spkeadded 
SSR = splked sample result 
SR = sample result 

Summary statistics are reported in terms of the absolute value of percent bias to better express vanahons 
around percent recovery (% bias = 100-8R) 
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Table G-8 presents the laborrrtory mabnrr spike recovery- data from the RFEDS databzw Note that the 
recovery data exlst only for the suifase water sampks Addl%mdly, not all d p c a l  suites were 
represented m the database The metals, tnpesttcides and water quahty parameter sph -very data 
for surface water were found m the database, but volatlle o m  d y t t  anCr radtoauclide data were 
absent The recovery data set IS mcompkte wtb respect to spike results because these results were 
unavailable from the laboratory 

The spdce recovery acceptance cntenon for met& and water @ty parammm is 75 to 125 percent of 
the true value (see SeCQon 10 of the Work Plan) For o r g m  dytacal  mutes, the acceptarrce cr~tena are 
compound-specific, and generally range ffom 40 to 140 percent of the true value Acceptaucc mtma for 
tnpesttcides were not expllcitly defined mthc Scct~rn 10 of the Work Plan, but for bre purpose of 
PARCC evaluatmn, an acceptance range of 75 to 125 percent recovery was adopted 

The percent recovery (%R) for all test groups m srrrfake water mipi from 85 Ob94 3 Basad on the 
observed matrix spike recovmes, the OU 3 d t t a f ~ r e s p c c t n n t c s t g r o u p s ~ ~  Bcctagpble M 
tennsofaccuracy 

Representahveness expresses the degree to whch sarnple data &ccuTBtcly and p m l y  represents a 
charactenmc of a popdabon, pamme&r v a o n s  at a sarnphg pant, or an mvmnmcnM &tton 
The Qscussion of npregentatlveness III this sectton IS hutd to au e- o f  whether analyttcd 
results for field samples are truly representatwe of enwonmenEal concumamnu, of w b t k  they may 
have been d u e n c e d  by the mtroductron of contaminahon dunng collcchoo md handbg 

Representahveness IS a quahatwe parameter that 1s most c o d  with the proper design of the 
samphg program Ttre r ep rcse~veness  cntenon is  best satis€icd by making artaur that satn~lmg 
locaoons are selected properly and a sufficrent number of samples ax collected QC blanks are 
exammed for external contammtmn, and nonconformance nntb approved samphg and audyhcal 
methodology is evaluated for its effects on mpsentativeness 

The field QC samples were validated wth the same proceduns as mal fid sarrqdes hdytes dentdied 
as laboratory contarmnants were quahfied as such A comparison was then made between the equqment 
mseate data and field blank data Table G-10 summmzcs the detected values remmung after 
discountmg laboratory commnataon for the eqwpment mseates, field blanks, and tnp blanks 

Table G-1 1 mcludes results greater than detectmu h t s  for field blanks, equipment mseates, and tnp 
blanks where the results rtre greater than the derectron hut. Note that several common metals 
(alurmnum, &con calmum, lron magnesium, sod~uxn, potassium) and water qual~ty parameters are 

a 
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unavoidable m the water used as blanks or for nnsmg equipment These analytes may be detected at 
concentrahons signficantly above the detechon hmt, but this does not mdicate a problem unless found 
in potentially toxic levels For less common analytes the concentrahons are only marginally above the 
detechon l m t s  

An excephon is noted for cadmum m a small number of nnseate blanks, where results significantly 
higher than the detechon hmts are observed (44 to 77 pg/L compared to a detection hmt  of 5 pg/L) 
Cadmum is not a commonly occumng metal The reasons for cadmmm’s presence in the nnseate blank 
are not known but the observaons appear to be anomalous A possible cause for the cadrmum is 
laboratory cross-contammahon The detections of lead and tm are generally attnbuted to laboratory 
analyhcal limtations In the past 5 years tm has been excluded from the CLP metals list due to histonc 
problems with its analysis Several radionuclides were also detected above the lower limt of detectron 

FVactically all of the observations are at low concentrahons and explamable by the reasons discussed 
earlier No organic analytes were detected m the field QC samples Table G-12 shows the overall 
detechon frequency (all posihve results above or below the detechon hmts) for all parameters analyzed 
m the field QC samples Analytes appearing on Table G-12 but not on Table G-11 are those detected 
below the detechon lirmts 

It is concluded from Tables G-10 G-11 and G-12 that mtrodumon of contammation dunng samplmg, If 
any, is msignficant In such an event the sample data are considered unaffected by field conditions and 
sample handlmg procedures 

Furthermore, a stahshcally-denved samphg program was designed by evaluatmg a large amount of 
histonc data and current project objemves The samplmg and ana ly td  needs were mdmdually 
evaluated for each samplmg media and area of concern Samplmg locahons and number of samples were 
d e t e m e d  from the hstonc contammation patterns or mformation The samphg program was 
documented in the Field Samplmg Plan (FSP) and Work Plan and implemented as planned Laboratory 
analyses were conducted usmg the prescnbed analyhcal methods In combmahon with the results of the 
field QC samples the design and implementahon of the samplmg program leads to a conclusion that the 
OU 3 sample data are representahve of the field condlhons 

Completeness is a measure of how much useable data were denved from the samphg program For 
analyhcal data, completeness is expressed by the percent of data that was accepted dunng data 
validation The completeness goal is essentially the same for all data used to generate a sufficient amount 
of valid data This objective is evaluated by computmg the hchon of measurement data that remamed 
valid after discardmg any invalid data to physical accuracy or precision reasons 

The target objective for completeness for OU 3 analytical data is 90 percent as stated m the Work Plan 
Most data sets for OU 3 meet this objechve The completeness of the database m terms of records 
present and validated compared to those expected or planned is summanzed m Table G-1, by samplmg 
media For example, for the surface soil plots (SS), prachcally all records were validated, and validahon 
resulted in rejechon of approximately 5 percent of the data Table G-2 contams validahon counts for 
quality control samples (field blanks, duplicates, etc ) and analysis types (metals, radionuchdes, etc ) 
Table G-3 provides a summary of rejected records and reasons for data rejection The numencal codes 
for data qechon are defined m Table G-4 For example 392 records were rejected for reason “57,” 
which is indicated as Percent solids e 30 percent” in Table G-4 Table G-5 summanzes the data 

G-13 
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completeness for real and QNQC samples The completeness of the database, its defined under PARCC, 
1s discussed later 

Comparabhty expresses the extent to w&& data coller~ed oyer a p c n ~ d  of tme and 
Merent methods can be eqwvalent It 1s L@mve parameter expesmg the codkbce wth whlch 
one data set cau be cornpad wth mother Sample data should be ccmpardc vmth c&er measurement 
data for si& samples and sample c d t ~ o n s  Histcmcal data for IHsSs 2QO - 202 were mtdy 
queshoned because there was not enough &-on avahble todetemnnc Qlvqc red&, handbg 
protocols, and q l m g  mthodologies However, comparab&ty was fuahcx evaluated by pcrfarmrng a 
p d  t-test and a Wilcoxan signed rank test oneach of the data sets The protocol mthd m the OU 3 
work plan allowed thehstoncaldatato be used if no amant stat~&A Wmcw wenfclund m the 
compansons or lfthe values ln the lusmxal dataset w m  lugher tbantbsc ofthe OU 3 RIdataset 
Appendix F of the OU 3 RFYZU re~ortdocumeatstbe d t s  of the etattsbealconqxarmm dthe data 
sets 

with 

Conclusions 

The PARCC analyss psented ln ths appendix lndtcates that the overall data +ty obgecti~~~ wert 
satlsfied for the OU 3 samples Although, occasmd simple- and adytc-spccdic cxcaxhccs of the 
objectlves were noted, tbese exceedances were jacigui to be h~ raadolB or dated to anal- 
lmumons (donuchdes) and not related to samphg No projec-wde s y m  tmds wetc n0t.d 
that would affect the wnall quaby or u s a b w  ofthe data, or dmons dram froin the data. 0th 
than the data that wen qected and excluded fmm the & t a b  farmdepcndent&~ vdbtion ~~~SOIM, 
no additlonal data ae proposed to bc excluded from further txmmkaQon based on the PARCC analysis 
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Table G-9 
High Error Value Summary 

Type of *Total Records in which 
Analysis Records Error Result / 2 - - - - - - - - - - - - - -  - - - - - - - -  - - - - - - - - - - - - - - - - - -  

Total Rads 1261 914 (72 48%) 

Dissolved Rads 41 25 (60 98%) 
Total Rads 40 30 (75 00%) 

Total Rads 347 160 (46 11%) 

Total Rads 1836 605 (32.95%) 

Total Rads 14 7 26 (17 69t)  

Dissolved Rads 260 225 (86 54%) 
Total Rads 320 267 (83 44%) 

I 

* Represents total number of records for which error values were provided. 
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1)/06/95 Table G-11 
Results Greater than Detection L m t s  for QC Samples 

FB 
FB 
FB 
FB 
FB 

FB 
FB 
FB 
FB 

FB 
FB 
FB 
FB 
FB 
FB 

E: 
RNS 
RNS 
RNS 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS I RNS 

RNS 
RNS 
RNS 

RNS 
RNS 

GW30057CH 
GW30057CH 
GW30057CH 
GW30057CH 
GW30057CH 

SW07018CH 
SW070 18 CH 
SW07018CH 
SWO 701 8CH 

SW07211CH 
SW0721lCH 
SW072llCH 
SW07211CH 
SW07211CH 
SW07211CH 

GW30056CH 
GW30056CH 
GW30056CH 
GW30056CH 
GW30056CH 

SD060 12CH 
SD060 12CH 

SD06014CH 
SDO 60 14CH 
SD06014CH 
SD06014CH 
SD060 14CH 

SD06122CH 
SD06122CH 
SDO 6 122CH 

SD06151CH 
SDO61SlCH 
SD06151CH 
SD06151CH 
SD06151CH 
SDO 6 15 1CH 

SD06211CH 

SD064 8 O C H  
SDO 64 8 O C H  
SD06480CH 

SS04 616CH 
SS 0 4 6 16CY 

AMERICMM-241 
BICARBONATE AS CAC03 

PLUTONIUM-239/240 
URANIUM- 2 3 5 

NITRArn/NITRITE 

GROSS ALPHA 
LEAD 
M A N W S E  
SILICON 

AMERICIUM- 241 
AMMONIA 
LEAD 
ORTHOPHOSPHATE 
TOTAL DISSOLVED SOLIDS 
URANIUM- 23 3 /234 

AMERICIUM- 241 
IRON 

SILICON 
ZINC 

NITRATE/NITRITE 

CAD- 
LEAD 

LEAD 
PLUTONIUM- 239 /240 
URANIUM- 233 /234 
URANIUM-238 
ZINC 

IRON 
LEAD 
ZINC 

ALUMINUM 
IRON 
LEAD 
MANGANESE 
SILICON 
TIN 

ZINC 

ALUMINUM 
MANGANESE 
ZINC 

AMERICIUM-241 
URANIUM-238 

007 
3 000 
080 
002 
171 

480 
3 900 

20 000 
167 000 

006 
093 

10 400 
065 

23 000 
051 

001 
108 000 

060 
125 000 
45 200 

53 900 
3 900 

5 400 
005 
200 
,260 

26 800 

432 000 
3 200 

322 000 

1430 000 
1210 000 

3 900 
18 100 
329 000 
242 000 

46 600 

247 000 
18 000 
26 800 

005 
340 

0 000 
1,000 
020 

0 000 
13 7 

340 
3 000 
15 000 
100 000 

0 000 
050 

3 000 
050 

10 000 
0 000 

0 000 
100.000 

020 
100 000 
20 000 

5 000 
3 000 

3 000 
002 
160 
,180 

20 000 

100 000 
3 000 
20 000 

200 000 
100 000 

3 000 
15 000 
100 000 
200 000 

20 000 

200 000 
15 000 
20 000 

002 
194 



6/06/95 T a b l e  G-11 
Results Greater than Detection Lfnutts for QC Samples 

RNS 

RNS 

RNS 
RNS 

RNS 

RNS 
RNS 
RNS 

RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SS04617CH 

SS04618cH 

SS04619CH 
SS04619CH 

SS04621CH 

SS04643CH 
SS04642CH 
SS04642CH 

SS04643CH 
SS04643CH 

SW07004QI 

SWO7004CH 
SW07004CH 
SWO7004CH 
SW07004CH 
SW07004CE 
SW07004cH 
SW07004CH 
SW07UO4CH 

SWO7006CH 
SWO7006CH 
SWO7006CX 
SWO7006CH 
SW07006cII 
SW07006cEI 
SWO 700 6CE 
SWO 70 0 6- 
SW07 0 0 6CB 

SWO7021CH 
SW0702lCH 
!3970702lCH 
SW07021CH 
SW07021CH 
SW07021CH 

SW07113CH 
sFs07113cfI 
SW07113CH 
SW07113CH 
SW07113CH 
SW07113CH 

S W O ~ O O ~ C R  

URANIUM- 23 3/234 

AMKRICIUM-241 

PLUTONIUM-239/240 -- 23 3 /234 

--233/234 

AMERICIUM-241 
--233/234 
URANIVM-238 

-- 2 3 3 /2 3 4 
URANIUM-238 

AMMONIA 
CMMsuM 
CADMIUM 
LBAD 
LEAD 
OIL AND GREASE 
TOTAL DXSSOLVED 
UR?WIUM-233/234 
URAHIUM-238 
ZINC 

AMERICIUM-241 
AMERICIUM-241 
LE(AD 
O I L  AND GREASE 
UR&NIUM- 23 3 /234 
URMIUM- 23 3 /2 3 4 
UEANlZM-235 
URANIUM-238 
UEXNIUM-238 

AMMONIA 
LEAD 
OIL AND GREASE 
ORTHOPHOSPHATE 
TOTAL DISSOLVED 
URANIUM-233/234 

AL- 
A l a a n A  
IRON 
LEAD 
MANG24NKSE 
ZIMC 

SOLIDS 

SOLIDS 

-- 
_ .  
9 -  

230 

. 150 
002 

,250 

,410 

0 002 . 520 
-880 

. 600 
-300 

.084 
43 . 600 
77 , 000 

4 . 000 
1Z.800 
10 600 
23 . 000 . 450 

-300 
24 . 260 

0 00s 

5.200 
0 0 $SO 

0 090 
.I30 
045 

0 120 
230 

094 
3.300 
8.400 . 113 
52 000 . 140 

1830 . 000 
094 

126 000 
4 100 

111,000 
29.200 

, ooa 

,229 

001 

002 
, 157 

. 186 

. 001 
063 
-037 

I 

-035 
035 

.050 
5 . 000 
5.000 
3.000 
3.000 
5 . 000 
10 0 000 . 062 . 062 
20 000 

. 002 
006 

3.000 
5 . 000 . 038 

-035 
038 - 059 
,038 

050 
3 000 
5 000 . 050 
10 000 

058 

200 . 000 
.050 

100 000 
3 000 
1s 000 
20 000 



e 0 6 / 9 5  Table G-11 
Results Greater than Detection L m t s  f o r  QC Samples 

Sample 
QC Code Sample Number Chexucal 

Detection 
Result Llrmt 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

e: 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

@E 
RNS 
RNS 

RNS 
RNS 
RNS 

SW07213CH 
SW07213CH 
SWO 72 13CH 
SW072 13 CH 
SW07213CH 
SW072 13 CH 
SW07213CH 

SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW8 02 OOWCU3 
SW80200WCU3 
SW80200WCU3 
SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW8 02 0 OWCU3 
SW802OOWCU3 
SW8 0 2 0 0 WCU3 
SW802OOWCU3 
SW80200WCU3 
SW802 0 OWCU3 
SW802OOWCU3 
SW80200WCU3 

SW8 02 0 3WCU3 
SW8 02 0 3WCU3 
SW802 03WCU3 
SW8 02 0 3 WCU3 
SW80203WCU3 
SW8 0 2 0 3 WCU3 
SW80203WCU3 
SW8 0 2 0 3 WCU3 
SW8 02 0 3 WCU3 
SW80203WCU3 
SW8 02 0 3 WCU3 
SW8 02 03WCU3 
SW8 0 2 0 3 WCU3 
SW80203WCU3 
SW8 0 2 0 3WCU3 
SW80203WCU3 
SW8 02 0 3WCU3 
SW80203WCU3 
SW8 02 0 3WCU3 
SW8 02 03 WCU3 
SW8 02 03WCU3 
SW8 02 0 3WCU3 

SW8 02 05WCU3 
SW80205WCU3 
SW8 02 05WCU3 

AMERICIUM-241 
AMERICIUM- 241 
AMMONIA 
LEAD 
LEAD 
TOTAL SUSPENDED SOLIDS 
URANIUM-238 

ACETONE 
ANTIMONY 
BARIUM 
CALCIUM 
CHROBlIUM 
COPPER 
MANGANESE 
MOLYBDENUM 
SELENIUM 
SILICON 
SODIUM 
TIC 
UNK" HYDROCARBON 
UR2WIUM-233/234 
URANIUM-235 
URANIUM-238 
PH 

ACETONE 
ALUMINUM 
AMERICIUM-241 
CALCIUM 
CHROMIUM 
GROSS BETA 
IRON 
MANGANESE 
PLUTONIUM- 2 3 9 /24 0 
SILICON 
SODIUM 
TIC 
UNK" HYDROCARBON 
URANIUM-233/234 
URANIUM-233/234 
URANIUM-235 
URANIUM-235 
URANIUM- 23 8 
URANIUM- 23 8 
ZINC 
b l s  (2-ET"EXYL) PHTHALATE 
P* 
CALCIUM 
CHROMIUM 
IRON 

004 
005 
093 

14 500 
24 300 
7 000 
380 

15 000 
20 800 
6 200 

133.000 
2 300 
3 000 
12 800 
4 100 
1 100 

128 000 
138 000 
7.000 
7 000 
540 
034 
480 

7 700 

19 000 
84 900 

008 
93 300 
2 700 
2 900 
30 900 
2 700 

098 
114 000 
244 000 
7 000 
7 000 
520 
530 
033 
054 
380 
450 

798 000 
11 000 
7 200 

115 000 
2 500 
26 900 

004 
003 
050 

3 000 
3 000 
5 000 
254 

10 000 
19 800 
3 800 
24 100 
2 000 
2 300 
1 500 
3 500 
800 

27 700 
34 400 

032 
032 
032 
200 

10 000 
29 200 

001 
24 100 
2 000 
2 400 
18 400 
1 500 
010 

27 700 
34 400 

054 
03 6 
03 1 
036 
031 
012 

1 700 
10 000 

200 

24 100 
2 000 
18 400 



6/06/95 Table G-11 
Results Greater than Detection Limits for QC Samples 

RNS 
RNS 
Rt4s 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
REIS 

Rlos 
RFas 
Rlos 
Rlos 
Rm 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
M S  
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
luos 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 

SW80205WCm 
SW80205WCU3 
SW80205WCU3 
SW802 05WCU3 
SW8 02 OSWcp3 
SW8 02 0 SWCm 
SW8020SWCW3 
m020fwcu3 
soQ802O~cm 
SW8020SWCU3 

59980207wcu3 
5#80207wcm 
so180207wm 
sw80207o9cIf3 
59980207WCm 
sw80207wm3 
SW80207wcm 
SW80207WCU3 
SW8 02 07WCU3 
SW80207WCU3 

SW80209WCU3 
SW80209WCtn 
SW80209WCU3 
SW80209WCU3 
SW80209WCU3 
SW80209wCm 
SW80209WCU3 
SW80209WCU3 
SW80209WCU3 
SW8 02 09WCU3 
SW80209WCU3 
SW80209WCIJ3 

SW8 02 13 WCU3 
SW80213WCU3 
SW80213WCU3 
SW8 0 2 13 WCU3 
SW80213WCm 
SW80213WCU3 
SW80213WCU3 
SW8 02 13WcIJ3 
SW80213WCU3 
SW80213WCm 
SW8 02 13 WCU3 
SW8 02 13 WCU3 

SW8 0 2 1 SWcD3 
SW8 02 15WCU3 
SW802 15WCU3 
SWB 0 2lS~gCU3 

MANGANESE 
POTASSIUM 
SELENIUM 
SILICON 
SODIUM 
URMIUM- 23 3 /234 
URlWIUM-235 
UWWIUM-238 
ZINC 
ps 
AcETorog 
auleruM 
IRON 
MIUGANBSE 
SILICON 
SODIUM 
URANIUM- 233 /234 
WRANRM-235 
URAHIUM-238 
PH 
Jwmulx 
CALCIupll 
CESIUM-137 
IRON 
SILfCOM 
SODIUM 
TIN 
URANIUM-233/234 
URANIUM-235 
URSWIUM-238 
ZINC 
PH 
AMERICIUM-241 
CALCIUM 
LEAD 
M?WGANBSE 
SILICON 
SODIUM 
TIN 
URAMUM- 233 /234 
URANIUM-235 
URANIUM-238 
ZINC 
PH 
CALCIUM 
SILICON 
SODIUM 
URAHTWM-232[234 * -  - . > a _ =  

2.600 
711,000 
1.300 

169.000 
105 000 
2.200 
340 
480 

1.900 
7,000 

49,000 
54.400 
45 , 200 

2.700 
I19 . 000 
208 000 

,420 . 024 
-410 

8,300 

. 140 
79.300 
1.300 
37.000 

224 . 000 
11 . 000 

500 
014 

.540 
5.100 
7.300 

124,000 

. 006 
44.300 
67 500 

8.300 
94 200 
308 000 
16.900 

,500 
079 
,480 

9 400 
7 000 

61.300 
74,300 
178 000 

% - 580 -- %-:-&e- 

l 500 
674 000 

800 
27 700 
34 400 

050 
160 
085 

1 700 
-200 

10 . 000 
24 . 100 
18 400 
1 500 
27.700 
34 400 . 028 
, 009 
-040 
.zoo 

-100 
24 . 104 

550 
18 400 
27 700 
34.400 
9.400 

064 . 010 
055 

1 700 
200 

001 
24 . 100 
4 000 
1 500 

27.700 
34 -400 
9 400 
010 
030 
010 

1.700 
200 

24 100 
27 700 
34 400 

2 u L  dfkr 



Table G - 1 1  
Results Greater than Detection L l r m t s  for QC Samples 

Sample 
QC Code 

RNS 
RNS 

- - - - - - -  

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS a E: 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 

I RNS 

@Z 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SW8 02 17WCU3 
SW8 0 2 17WCU3 
SW8 02 lmCU3 
SW8 0 2 1 7 W C U 3  
SW8 0 2 1 7WCU3 
SW802 17WCU3 
SW8 02 17WCU3 
SW8 0 2 17WCU3 
SW80217WCU3 
SW8 02 17WCU3 
SW80217WCU3 
SW80217WCU3 
SW8 0 2 17WCU3 
SW8 0 2 17WCU3 
SW80217WCU3 
SW8 02 17WCU3 
SW8 02 l7WCU3 
SW8 02 17WCU3 

SW80219WCU3 
SW8 02 1 9  W C U 3  
SW8 0 2 19  WCU3 
SW8 0 2 19  WCU3 
SW80219WCU3 
SW8 02 19  WCU3 
SW8 0 2 19  WCU3 
SW8 02 19WCU3 
SW8 02 19WCU3 
SW8 0 2 19  WCU3 
SW8 02 19  WCU3 
SW8 02 19  WCU3 
SW8 02 19WCU3 
SW80219WCU3 
SW8 02 19  WCU3 
SW8 0 2 19  WCU3 
SW8 02 19WCU3 
SW8 02 19WCU3 

SW8 0 2 2 1 W C U 3  
SW80221WCU3 
SW80221WCU3 
SW8 022 1WCU3 
SW8 022 1WCU3 
SW8022 1WCU3 
SW8 0 2 2 1WCU3 
SW80221WCU3 
SW80221WCU3 
SW8 02 2 1WCU3 
SW8 0 2 2 1WCU3 

2 , 4 , 5 - T R I ~ R o P ~ o L  
2 , 4 -DINITROPHENOL 
2-NITROANILINE 
3838-DICELOROBENZIDINE 
3-NITROANILINB 
4,6-DINITRO-2-METHYLPHENOL 
4-NITROANILINE 
4 -NITROPHENOL 
BENZOIC ACID 
CALCIUM 
MANGANESE 
PENTACHLOROPHENOL 
POTASSIUM 
SILICON 
SODIUM 
URANIUM- 2 3 3 /23 4 
URANIUM-238 
PH 
AMFllRyN 
AMMONIA 
ATRATON 
ATRAZINE 
CALCIUM 
CHLORIDE 
GROSS ALPHA 
GROSS BETA 
PLUTONIUM- 2 3 9 /240 
PROMETON 
PROMETRYN 
PROPAZINE 
SILICON 
SIMAZINE 
SIMETRYN 
SODIUM 
TERBUTHYLAZINE 
TERBUTRYN 

AMETRYN 
AMMONIA 
ATRATON 
ATRAZINE 
CALCIUM 
CHLORIDE 
GROSS ALPHA 
MANGANESE 
POTASSIUM 
PROMETON 
PROMETRYN 

52 000 50 000 
52 000 50 000 
52 000 50 000 
21 000 20 000 
52 000 50 000 
52 000 50 000 
52 000 50 000 
52 000 50 000 
52 000 50 000 

24 , 100 
9 900 1 500 

52 000 50 000 
1890 000 674 000 

93 800 27 700 
112 000 34 400 

170 071 
170 071 

6 600 ,200 

110 0 000 

610 060 
72 0 100  
510 060 
510 050 

124 000 24 100 
1 0  100 1 000 

4 990 2 000 
1 4  020 4,000 

114 010 
310 030 
610 060 
310 030 

83 000 27 700 
610 060 
710 070 

244 000 34 400 
310 030 
510 050 

640 060 
170 100 
640 060 
530 050 

44 800 24 100 
9 100  1 000 

410 350 
1 500 2 600 

1830 000 674 000 
320 030 
640 060 



6/06/95 Table G-11 
Results Greater than Detection L M t s  for QC Samples 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
R14s 

RLOS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

SW8022lWCtJ3 PROPAZINE ,320 
SW8022lwCm SILICON 55 , 000 
m 0 2 2 1 w c u 3  s3cMAzzNE ,640 
SW80221WCU3 SIIblBTRYN , 740 
SW80221WCU3 SODIUM 71,500 
SW80221WCU3 TERBUTXYLAZINB 0 320 
swS0221wCm TOTAL DISSOLVED SOLIDS 20 . 000 
SW80221wicU3 
s o Q 8 0 2 2 l ~  
SW80221WCU3 
m 0 2 2 1 w c u 3  

SW80227WCU3 
SW80227WCU3 
sw80227wcu3 
sw80227wcm 
SW80227wcIJ3 

s838022 8WCU3 
SW80228WCU3 
SW80228WCU3 
SW80228WCtJ3 
SW80228WCU3 
SW80228wco3 

SW80240WCU3 
SW80240WCm 
SW80240wCm 
SW80240WCU3 
SW8 024 OWCU3 
SW80240WCIJ3 
SW80240WCU3 
SW80240WCU3 
SW80240WCU3 
SW80240Wcp3 
SW802 4 OWcU3 
SW80240WCU3 

SW80242WCU3 
SW80242wCm 
SW80242WcfJ3 
SW8 02 42WCm 
SW80242WCU3 
SW8 02 42WCU3 
SW80242WCU3 
SW80242WCU3 
SW8 0 2 42WCU3 
SW8 02 42WCU3 
SW80242WCU3 
SW8 02 42WCU3 
SW80242WCU3 

UIiANIW-233/234 
URANIUM-235 
uRAi4nlM-238 
ZINC 

AMBRIcfllM-241 
SILICON 
SItICoN 
--233/234 
URANmM-238 

AcBToNg 
SILICON 
SIIIICON 
--233/234 
URANIUM-235 
VRANIUM-~~~ 

ALtuMINuM 
m C I U M - 2 4 1  
BARnlM 
CAtCIuM 
IRON 
LKAD 
I;- 
m S E  
PLUTONIUM- 23 9/240 
SILICON 
SODIUM 
ZINC 

ALuMINfJM 
cxLcIuM 
CHROMIUM 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
POTASSIUM 
SILICON 
SODIUM 
URAEIUM-233/234 
ZINC 

1.100 
,220 
-220 

2 700 

. 004 
211.000 
258,000 

, 300 . 100 

18  000 
102 000 
137 . 000 

, 180 . 097 
,290 

20.300 
-004 

2 , 500 
83 . 400 
32.900 

4.800 
6.500 
, 003 

89.300 
155 000 

14 200 

134 000 
140 , 000 

4 100 
4.600 

120 000 
1 800 

63.900 
0 600 

1390 000 
582 000 
841,000 

310 
6,200 

5. aoo 

,030 
27,700 

060 
, 070 

34 400 
030 

10 , 000 
,310 
-180 
, 180 

1.700 

. 002 
100 . 000 
100 0 000 

-083 
-083 

10 000 
I00 0 000 
100.000 

, 140 
, 081 
-081 

18.700 
0 , 000 
2 100 

17,400 
4 , 700 
1 ,300  
4 , 700 
2 100 
0 . 000 

1s -200 
28 -300 

2.100 

18 4 700 
17,400 

2 400 
2.400 
4.700 
1 ,300  

29 600 
2 100 

779 000 
1s 200 

167 
2 100 

28 300 



Table G-11 
Results Greater than Detection Limits for QC Samples 

a / O 6 / 9 5  

RNS 
RNS 
RNS 

RNS 
RNS 

RNS 

RNS 

RNS 
RNS 

RNS 

RNS 

RNS 

E: 
RNS 
RNS 

RNS 
RNS 

TR02013CH 
TR02013CH 
TR02 0 13 CR 

TR02032CH 
TR02032CH 

TR02051CH 

TR02070CH 

TR02108cH 
TR02108CH 

TR02127CH 

TR02146CH 

TR02165CH 
TR02169CH 
TR02165CH 

TR02184CH 
TR02184CH 

TR02203CH 
TR02203CH 

AMERICIUM- 241 
PLUTONIUM- 2 3 9 /24 0 
--238 

AMERICIUM- 24 1 
PLUTONIUM- 23 9 /240 

AMERICIUM-241 

AMERICIUM-241 

AMERICIUM-241 
PLuToNIuM-239/240 

PLUTONIUM- 23 9 /24 0 

AMERICIUM-241 

AMEIU:CIUM-241 
PLUTOMUM- 23 9 /24 0 
URANIUM-235 

AMERICIUM-241 
PLUTONIUM- 2 3 9 /24 0 

AMERICIUM-241 
PLUTONIUM- 23 9 /2 4 0 

005 
005 
046 

003 
001 

005 

004 

006 
008 

006 

006 

004 . 011 
046 

005 
002 

003 
003 

0 000 
0 000 
0 000 

0 000 
0 000 

0 000 

0 000 

0 000 
0 000 

005 

0 000 

0.000 
0 , 000 
0 ,000 

0 000 
0 000 

0 000 
0 000 



Table G-12 
Detection Frequency f o r  QC Samples 

QC Code 

FB 
FB 
FB 
FB 
FB 
FB 
FB 
EB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 

- - - - - - -  

E73 
FB 
FB 
FB 
FE 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
FB 
E% 
FB 
FB 
FB 

a =  FB 

FB 
E% 
5% 
FB 
FB 

Detection 
Chermcal Frequency 

ALUMINUM 400 
AMERICIUM-241 500 
AMMONIA 1 000 
ANTIMONY 0 000 
ARSENIC 0 000 
ATRAZINE 0 000 
BARIUM 400 
BERYLLIUM 0 000 
BICARBONATE As CAC03 500 
CADMIUM 200 
CALCIUM 800 
CARBONATE AS cAC03 0 - 0 0 0  
CESIUM 0 000 
CHLORIDE 0 000 
CHROMJXJM 0 000 
COBALT 0 000 
COPPER 0 000 
CYANIDE 0 000 
FLUORIDE 0 000 
GROSS ALPHA -667 
GROSS BETA 333 
IRON -600 
LEAD -400 
LITHIUM 0 000 
MAGNESIUM 600 
MANGANESE 400 
MERCURY 0 000 
MOLYBDENUM 0 000 
NICKEL 0 000 
NITRATE/NITRITE 500 
OIL AND GREASE 0 000 
ORTHOPHOSPHATE 1.000 
PHOSPHORUS 0 000 
PLUTONIUM- 23 9 /24 0 750 
POTRSSIUM 0 000 
SELENIUM 200 
SILICON 200 
SILVER 0 000 
SIMAZINE 0 000 
SODIUM 800 
STRONTIUM 200 
SULFATE 0 000 
SULFIDE 0 000 
THALLIUM 200 
TIN 200 
TOTAL DISSOLVED SOLIDS 500  
TOTAL SUSPENDED SOLIDS 0 . 0 0 0  
TRITIUM 1 000 
URANIUM- 233 /234 500 
URANIUM- 23 5 500 
URANIUM-238 500  
VANADIUM 0 000 
ZINC 400 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - -  
No of 
Detects - - - - - - -  

2 
2 
1 
0 
0 
0 
2 
0 
1 
1 
4 
0 
0 
0 
0 
0 
0 
0 
0 
2 
1 
3 
2 
0 
3 
2 
0 
0 
0 
1 
0 
1 
0 
3 
0 
1 
1 
0 
0 
4 
1 
0 
0 
1 
1 
1 
0 
1 
2 
2 
2 
0 
2 

No of 
Non - De t - - - - - - -  

3 
2 
0 
5 
5 
1 
3 
5 
1 
4 
1 
2 
5 
2 
5 
5 
5 
1 
2 
1 
2 
2 
3 
5 
2 
3 
5 
5 
5 
1 
1 
0 
1 
1 
5 
4 
4 
5 
1 
1 
4 
2 
1 
4 
4 
1 
2 
0 
2 
2 
2 
5 
3 



6 / 0 6 / 9 5  

QC Code - - - - - - -  
RNS 
RNS 
RNS 
RNS 
RHS 
RNS 
Rlvs 
RNS 
RNS 
RNS 
Rws 
RHS 
RNS 
RNS 
RNS 
ms 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
Rws 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

Table G-12 
Detection Frequency for QC Samples 

18181-TR1CHL0R0ETXANE 
1,1,2,2 - T B T R A C H L O R O ~  
l,l,2-TRICHLOROETBANB 

1,l-DICRLOROEZ"E 
1 , 2 , 4 - ~ C 5 0 R o B ~  
1 8  2 - D I C H L o R O B m  
1.2 -DICBLOROET€ANE 
l 8 2 - D I Q I I X I R O ~  
1 8 2 - D ~ ~ R ~ ~ o P ~  
1 , 3  -DICIl[bOROBgmENK 
1,4 -DImROBE14Z;g2QE 
~ , ~ , S - T R I C H L O R O ~ I I  
2 , 4 , 6 - ~ C H L O R O ~ L  
2,4-DI~ROPRZNOL 
2 # 4-DIMETSYLP"oL 
2,4-DINITROP"OL 
2,4 -DINITROTOLUENE 
2,6 -DZNITROTOLUENE 
2-BUTMONE 
2-CHLORO- 
2 -CR'LOROPEENOL 
2-"0NB 
2 -Mm"APRmtstKME 
2-MFLgyLpIIENoL 
2-NITROrnLIWg 
2 -NITROPHENOL 
3 , 3  ' -DICHLOROBENZIDINE 
3-NITRomfiINg 
4,4 ' - DDD 
4,4'-DDE 
4,4'-DDT 
4,6-DI"R0-2-MP"UL 
4-BRoMoPEEr?Yxl PKENYL PFffIKK 
~-~RO-~-METHYLPHENOII 
4 -CHLOROANILINE 
4-cIILxIRoPHENYL PHENYL ETHER 
4 -MFIIM;- 2 - PENTANONE 
4-MET)TYLP"OL 
4-NITROANILINE 
4 -NITROPHENOL 
AcglQApHTHENE 
ACKNAPHTHYLENE 
AcFlloNE 
ALDRIN 
ALKALINITY AS -03 
ALUMINUM 
AMERICIUM-241 
AMETRYN 
AMMONIA 
ANTHKACENE 
ANTIMONY 

~ , ~ - D I C R L O R O ~  

Detection 
Frequency 

0 . 000 
0.000 
0 . 000 
0 000 
0 000 
0 - 000 
0 . 000 
0 . 000 
0 . 000 
0.000 
0 0 000 
0.000 
0 000 
0 ~ 0 0 0  
0 1000 
0 000 
0 000 
0 000 
0 0 000 
0 0 000 
0 0 000 
0 . 000 
0.000 
0 * 000 
0.000 
0 000 
0 000 
0.000 
0.000 
0 000 . 125 
375 

0 . 000 
0 . 000 
0.000 
0 000 
0 000 
0 000 
0 000 
o*ooo  
0 000 
0 000 
0 000 
154 

0 000 
0 900 

389 
379 

0 .000  

0 000 

- - - - - - - - -  

a75 

No of 
Detects - - - - - - -  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
14 
22 

0 
7 
0 

-056 2 

No of 
Non-Det 
- - - - - e -  

13 
13 
13 
13 
13 

8 
8 

13 
13 
13 

8 
a 
a 

a 
a 
a 
a 
a 

8 

8 

13 

0 
13 
8 
a 
a 
a 

a 
8 

8 
7 
5 

8 
8 

a 

a 
a 

a 

a 

13 

8 
8 

8 
11 
8 
8 
22 
36 
2 
1 

34 
a 



QC Code 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

RNS .= 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

@ E 
RNS 
RNS 
RNS 
RNS 
RNS 

Table G-12 
Detection Frequency for QC Samples 

Detection 
Chexucal Frequency 

AROCLOR-1016 0 000 
AROCLOR-1221 0 000 
AROCLOR- 12 3 2 0 000 
AROCLOR-1242 0 000 
AROCLOR-1248 0 000 
AROCLOR-1254 0 000 
AROCLOR-1260 0 000 
ARSENIC 0 . 000 
ATRATON 0 000 
ATRAZINE 0 000 
BARIUM 444 
BENZENE 0 000 
BENZO (a) A"E 0.000 
BENZO (a) PYRENE 0 . 000 
BBNZO (b) PLUORANTIENE 0.000 
BENZO (ghi ) PERYLENB 0.000 
BENZO (k) FLUO- 0 000 
BENZOIC ACID 0 000 
BENmL ALCOHOL 0 000 
BERYLLIUM 028 
BICARBONATE AS CAC03 125 
BROMODICHLOROMETRANE 0 . 000 
BROMOFORM 0 000 
BROWMETHANE 0 000 
BUTYL BENZYL PHTHALATE 0 000 
CADMIUM 111 
CALCIUM 889 
CARBON DISULFIDE 0.000 
CARBON TETRACHLORIDE 0 0 000 
CARBONATE As CAC03 0 . 000 
CESIUM 056 
CESIUM-137 . 143 
CHLORIDE 250 
CHLOROBENZENE 0 000 
CHIORO- 0,000 
CHLOROFORM 0 . 000 
CHLOROMETHANE -154 
CHROMIUM 167 
CIIRYSENE 0 000 
COBALT 083 
COPPER 278 
CYANIDE 0 000 
DI-n-BUTYL PHTHALATE 0 000 
D I - n - O m  PHTHALATE 0 000 
DIBENZO (a, h) ANTHRACENE 0 000 
DIBENZOFURAN 0 000 
DIBROMOCHLOROMETHANE 0 000 
DIELDRIN 0 000 
DIETHYL PHTHALATE 0 000 
DIMJ3THYL PHTHALATE 0 000 
ENDOSULFAN I 0 000 
ENDOSULFAN I1 0 000 
ENDOSULFAN SULFATE 0 000 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - -  
No of 
Detects - - - - - - -  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

16 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
4 
32 
0 
0 
0 
2 
1 
2 
0 
0 
0 
2 
6 
0 
3 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

No of 
Non-Det - - - - - - - 

8 
8 
8 
8 
8 
8 
8 

36 
2 
5 

20 
13 
8 
8 
a 
a 
8 
8 
8 

35 
7 

13 
13 
13 
8 

32 
4 
13 
13 
8 

34 
6 
6 

13 
13 
13 
11 
30 
8 

33 
26 
16 
8 
8 
8 
8 

13 
8 
8 
8 
8 
8 
8 



6 / 0 6 / 9 5  

QC Code 

RNS 
RNS 
RNS 
RNS 
IWS 
RNS 
RNS 
RNS 
Rt4S 
Rlos 
IWS 
RNS 
RNS 
RNS 
Rm 
RNS 
Rm 
RNS 
RNS 
RNS 
RNS 
Iws 
RNS 
RNS 
RNS 
Iws 
RNS 
RNS 
Tws 
RNS 
RNS 
REis 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

Table 6-12 
Detection Frequency for QC Samples 

ENDRIN 
END- KETONE 
FlgyLBEmENE 
F L U O ~  
FLMlRENE 
FLUORIDE 
GROSS 2iLPBA 
GROSS BETA 
HEPTILCELOR 
-R- 
l i E X X 5 0 R G B ~  
- R O m I B H B  
HXACRLOROCKCLOPBRIWISNE 
" E O R O E T B A E I ?  
IHDgLQo (1,2,3-cd) P2"B 
IRON 
I S 0 P " E  
frEAD 
LITmuM 
MAI;NEsIuM 
MmGANBsB 
ESRCURY 
~ O X ! C H L O R  

MOLYBDENUM 
N-NITROS0 -DI -P- PROPYUMINB 
N - r n O S O D I ~  
"g 
NICKEL 
NITRATE/NITRITB 
N I T R 0 B E " B  
o n  AHD GZZEASE 
ORTHOPHOSPHATE 
P-RO-L 
P- 
PHENOL 
PHOSPBORUS 
PLUTONIUM-236 
PLUTONIUM- 2 3 8 
P L m -  23 9 /24 0 
POTASSIUM 
PRoMFlylN 
PROMETRYN 
PROPAZING 
PYRENE 
SELRNIUM 
SILICON 
SILVER 
SIMAZINE 
SIMETRYN 
SODIUM 
STRONTIUM 
STRONTIUM-89/90 

CEILORIDE 

L 

0 000 
0 000 
0 000 
0 000 
0 000 
0 000 

118 
118 

0 . 000 
0 0 000 
0.000 
0.000 
0 * 000 
0 0 006 
0 , 000 

583 
0,000 

503 
0 111 . 389 
.009 
-028 

0 000 
0 000 - 083 
0 , 000 
0 000 
0 000 

056 
-063 

0 * 000 
,500 
143 

0 0 000 
0 , 000 
0 000 
0 0 000 
1 . 000 
0 000 

,407 
-194 

0 , 000 
0 , 000 
0 000 
0 000 

222 
500 
028 

O.OOQ 
0 000 
917 
,333 
.143 

No. of 
Detects - - - - - - -  

0 
0 
0 
0 
0 
0 
4 
4 
0 
0 
0 
0 
0 
0 
0 

21 
0 

21 
4 

14 
32 
1 
0 
0 
3 
0 
0 
0 
2 
1 
0 
3 
1 
0 
0 
0 
0 
1 
0 

22 
7 
0 
0 
0 
0 
8 

1 8  
1 
0 
0 

33 
12 

No, of 
Non-Det - - - - - - -  

0 
8 

13 
8 
8 
8 

30 
30 

8 
0 
8 
8 
8 
0 
8 

15 
8 

15 
32 
22 

4 
35 
0 

13 
33 

8 
0 

34 
15 

8 
3 
6 
8 
8 
8 
7 
0 
1 

32 
29 

2 
2 
2 
8 

28 
1 8  
35 

5 
2 
3 

24 
6 

a 

.- 



@06'g5 

TB 
TB 
TB 
TB 
TB 
TE 
TB 
!m 

QC Code 

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

- - - - - - -  

RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

Table G-12 
Detection Frequency for QC Samples 

Chemical . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STYRENE 
SULFA= 
SULFIDE 
TERBuTaYLAzINE 
TERBUTRYN 
TETRACHLOROETHENE 
THALLIUM 
T I C  
T I N  
TOLUENE 
TOTAL DISSOLVED SOLIDS 
TOTAL SUSPENDED SOLIDS 
TOTAL XYLENES 
TOX2wHENE 
TRICHLOROETHENE 
TRITIUM 
UNK" HYDROCARBON 
URANIUM-233/234 
URANIUM-235 
URANIUM-238 
VANADIUM 
VINYL ACETATE 
VINYL CELORIDE 
ZINC 
alpha-BHC 

beta- BHC 
alpha-CHLORDANE 

b l s  (2 - CHLOROETHOn) METHANE 
b i s  (2-CHLOROETHYL) ETHER 
b i S  (2 - CHLOROISOPROPYL) ETHER 
b l S  (2-ETHYLHEXYL) PHTHAIATE 
c~s-~,~-DICHLOROPROPENE 

g--BHC (LINDANE) 
delta-BHC 

gamma-CHLORDAJm 
PH 
~ ~ s - ~ , ~ - D I C H L O R O P R O P E N E  

1 1,l- TR1CHLOROET"E 
1,1,2,2 -TETRACHLOROETHANE 
l 8 1 , 2 - ~ 1 C H L O R 0 E ~  
1,l-DICHLOROET"E 
1,l-DICHLOROETHENE 
182-DICHLOROET"E 
1,2-DICHLOROET"E 
1,2-DICHLOROPROPANE 
2 - BUTANONE 
2-"0NE 
4 - ~ T H Y L - 2 - P E N " O N E  
ACETONE 
BENZENE 
EROMODICHLOROMETH?UTE 
BROMOFORM 

Detection 
Frequency 

0 000 
0 000 
0 000 
0 000 
0 000 
0 000 
0 000 
1 000 . 111 
, 077 
,500 . 125 

0 , 000 
0 . 000 
0 000 
0 , 000 
1,000 . 667 
426 . 630 
-028 

0 000 
0 . 000 

750 
0.000 
0 000 
0 . 000 
0 000 
0 000 
0 000 . 125 
0 , 000 
0 ,000  
0 000 
0 000 
1.000 
0 000 

0 000 
0 000 
0 000 
0 000 
0 000 
0 000 
0 000 
0 000 
0 000 
0 0 0 0  
0 0 0 0  
0 000 
0 , 0 0 0  
0 000 
0 000 

- - - - - - - - -  
No of 
Detects - - - - - - -  

0 
0 
0 
0 
0 
0 
0 
2 
4 
1 
4 
1 
0 
0 
0 
0 
2 
36 
23 
34 
1 
0 
0 

27 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 

No of 
Non-Det - - - - - - -  

13 
8 
6 
2 
1 

13 
36 
0 

32 
12 

4 
7 
13 

8 
13 
10 

0 
18 
31 
20 
35 
13 
13 

9 
8 

8 
8 
8 
8 
7 

13 
8 
8 
8 
0 
13 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

a 



6 / 0 6 / 9 5  

QC Code 

TB 
73 
73 
TB 
TB 
TB 
TB 
TE 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 
TB 

- - - - - - -  

Table G-12 
Detection Frequency far QC Samples 

Detect ion 
Frequency 

0 000 
0 , 000 
0 000 
0.000 
0 000 
0.000 
0 0 000 
0 000 
0,000 
0,000 
0,000 
0 0 000 

,500 
0 , 000 
0.000 
0 , 000 
0.000 
0 , 000 
0 0 000 

- - - - - - - - -  
NO of 
Detects - - - - 0 - - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 

No of 
Non-Det . ---..-- 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
a 
1 
2 
2 
2 
2 
a 
2 

... 
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Appendm H contams tables and figures showrng actmtles of honuchdes  (amencmm-241, 
plutonium-239, -240, uramum-233, -234, uranium-235, and uranium-238) with depth for each sod trench 
In the table content, “A mhcates data accepted and “R mdicates data ~ j e c t d  by the mdependent data 
vahdatron process 

a 
AppenQx H also rncludes tables that summatlze the classficahon and meralogy of sods collected from 
the trenches The parhcle sm, pH, bulk density, specific surface area and cahon exchange capacity are 
also summanzed for each trench 

H- 1 
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Append= I contams maps showmg the concentrabons and activiues of selected metals and radionuclides 
at each samphg location for sediments (grab samples only) and surface water These maps were used 
for spatial analysis of concentrauon and activity patterns to d e t e m e  if patterns mdicated deposition of 
contammation or natural vanability The followmg figures illustrate the spatlal dismbution of selected 
metals as well as plutonium, amenciurn, and uranium 111 sediments and surface water 

Figure I-1A 

Figure I-1B 

Figure I-2A 

Figure I-2B 

Figure I-3A 

H g u ~  I-3B 

Figure I-4A 

Figure I-4B 

Figure I-SA 

Figure I-5B 

Figure I-6A 

Figure I-6B 

MSS 200 (Great Western ReservoIr) Analytical Results of Selected Metals for Sedment 
Samples (arsenic beryllium, calcium chromum Iron manganese, potassium, and wnc) 

IHSS 200 (Great Western ReservoIr) Analytical Results of Selected Metals for Sediment 
Samples (arsenic, beryllium, calcium, chromum, Iron, manganese, potassium, and m c )  

MSS 201 (Standley Lake) Analyucal Results of Selected Metals for Sdment  Samples 
(arsenic beryllium calcium chromium Iron, manganese, potassium, and m c )  

IHSS 201 (Standley Lake) Analytical Results of Selected Metals for Sediment Samples 
(arsenic, beryllium, calcium chromum, Iron, manganese, potassium, and m c )  

IHSS 202 (Mower ReservoIr) Analytical Results of Selected Metals for Sediment 
Samples (arsenic, beryllium, calcium, chromum, Iron, manganese, potassium, and wnc) 

IHSS 202 (Mower Reservoir) Analytical Results of Selected Metals for Sediment 
Samples (arsenic beryllium, calcium, chromum, mn ,  manganese, potassium, and zmc) 

IHSS 200 (Great Western Resorvolr) Analytical Results of Selected Radionuchdes for 
Sediment Samples (amencium-241 plutonium-239 -240 uranium-233 -234, uranium- 
235 and uranium-238) 

IHSS 200 (Great Western Resorvolr) Analytical Results of Selected Radionuclides for 
Sediment Samples (amenciurn-241 plutonium-239, -240, uranium-233, -234, uranium- 
235, and uranium-238) 

IHSS 201 (Standley Lake) Analyucal Results of Selected Radionuclides for Sediment 
Samples (amenciurn-241, plutonium-239 -240 uranium-233, -234, uranium-235, and 
uranium-238) 

IHSS 201 (Standley Lake) Analytlcal Results of Selected Radionuclides for Sediment 
Samples (amencium-241, plutonium-239, -240, uranium-233 -234 uranium-235 and 
uranium-238) 

IHSS 202 (Mower Reservoir) Analytical Results of Selected Radionuclides for Sdment  
Samples (amencium-241, plutonium-239 -240, uranium-233 -234, uranium-235, and 
uranium-238) 

IHSS 202 (Mower ReservoIr) Analytical Results of Selected Radionuchdes for Sediment 
Samples (amencium-241, plutonium-239, -240, uranium-233 -234 uranium-235, and 
uranium-238) 

I- 1 
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Figure 1-8 MSS 201 (Standley Lake) Analyt~cd Results of Sckted Metals for Water Samples 
(arsenic, beryhum, c a l ~ , C l K o l n l r n  Kon, lmngamm patassrum, and zinc) 

With the exceptmn of plutoxuurn-239, -240 m Gnat Western Resewow, all metals were etnmnated by the 
coc se~ectm process part of that pslociss was a weight ofewimce evaImon, whr~b mc~ud~d  the 
spatd analysls pnsented m the maps rn Appedx I. 

c 
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Appenb J contams figures showmg acbvitles of radionuclides (amencium-241, plutonium-239, -240, 
uranium-233, -234, urar~~urn-235, and ~~ramum-238) and concentnwons of selected metals (arsenic, 
beryllium, cadmum, chromum, lead, mercury, and mckel) with depth 111 the sedment cores collected 
from the three resewow IHSSs 

Great Western Resewow (IHSS 200) 

0 Standley Lake (IHSS 201) 

Mower Reservoir (IHSS 202) 

E 1 
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EGaC ROCKY FUTS INC 
ROCKY FUTS PLANT P 0 BOX 4 6 4  GOLDEN CCLORAOO 804024464 (303) 966 7000 

October 31 1,094 94-RF-10997 

Jessie M Roberson 
Acting Assistant Manager for 
Environmental Restoration 
006 RFro 

Attn Kurt Muenchow 

RESULTS OF pca SEDIMENT AND TISSUE WPUNG FOR WALNUT AND WOMAN CREEK 
DRAINAGES AND OFFSITE RES€RVOIRS SGS-576-94 

Action None required 

As disessed in my letter to you dated September 8 1994 (09292) preliminary results 
oi sediment and tissue samples cdlected durng the Ooeraole Unit 6 (OU6) Remedial 
Investigation (RI) (Auaust 1 992 June 1993) indicated elavated oolvchlorinated 
bionenyis (PCas) cancenirttfons iron s o m  of the A- ana 8-Szries Ponds The A- and 5- 
Senes 3mds are locared in the drainages of the North ana South Walnut c-eeks Prior to 
lS8S Walnut C e& discharged into Great Western Reservoir (OUZ, IPSS 2 0 3  A 
diversion canal was cmstructed in lS69 that routed the flow coming from Walnut Creek 
around G C E ~  Weswn Reservoir and back into Walnut Creek below ,he dam (see nap) Tne 
aotentiai sxlsts lor sediments andlor specfic biota in Great Wes em Ressrvoir and 
Slrnley Lake qesewoir :o have bee1 impacted by PC9 contaminants from h e  Pocky =iats 
Ewironnenrnl Tecirologies Site (CFETS) pnor to 1989 Eecause ai 'h s goss bilitv a 
seaire- anc , s s . ~ ~  X E S  samclins 3rojsc was unaefiatcen 2s part of the Znviwmsntal 
Evaluttion !5Ej gonion or the OU6 AI 

As sClown in the attached rjaoer resdts from the recent sedimeqt samcling (June July 
1994) re /ezl no aetec'aole levels of PCSs in terminal oonds A-4 8-5 or C-2 indicating 
that it is not iikely .hat sediments <wived from R F t l S  are contnburing PCGs to any of the 
offsite raservoirs or dcwns ream sczsystems Furthermore the decraasing fens in PCS 
concentrations in lisi tissLe sarroies from the ?C3 source in sediments to downstream 
eczsjs'erns suoports his finding E e med PC8 concentrations detec'ed in ftsh 'issue 
samplas szllec od from Siandlel Lake are not likely due to R F X S  sources since his oncally 
RFElS has Cmtr buted less than 5% of the sunace water inouts to this reservoir and 
UPS ream s?zs Z'CSP '10 R F T 5  s ~ u * t e s  have lower or Ton detectable PC8 concertrations 
In aaaiticn s nce no 3CSs wer? cersc ed in an\ of the small mammzl tissue sanoies 
cdIec*ed from around D m c s  A ' A 3 3 1 and 8 4 it IS evident that DC6s have not 



J M Roberson 
October 31, 1994 

Page 2 
94-RF-10997 

bioaccumulated in tenestnal food chains The Prebies Meadow Jwnpmg Mouseand 
predatory birds feeding onsate-are not threatened with PC8 contaminatior, from thess 
terrestrial sources at R E T S  PC8 lewis in fish tissue from RFlSlS sources am a?so below 
effects thresholds for fsh-eabng birds 

Should you or your staff have my further queslbns 01 concerns rsgardkrg ths SSUQ, 
please caH Ed Mast of my staff at 966-8589 

t 

I 

S G Stiger 
Director 
Environmental Restoration Program Division 
EGIG Rocky Rats Erin-ntaf Tedvrology Ste 

Orig and 1 cc - J M Roberson 

Attachment - 
As sated 

cc 
F R Lockhart - DOERFO 
M N Silverman E R F r r O  



I RESULTS OF PCB S E D ~ l E i W  AND TISSUE SAMPLING FOR WALNtiT 
AMI WOMAN CREEK DRAINAGES A\B OFFSITE RESERVOIRS a 

Results fiorn the recent surface sedunent sampllns (June-July 1994) reveal no detectable levels 
of polychlonnated biphenyls (PCBs) m t e d  ponds A4, B-5 or C-2, mdicaung that it is 
not llkely that sedunents denvcd from Rocky Flats Environmental Technologies Site (RFETS) 
are conmbuun~ PCBs to any of the offsite reservous or downstream ecosystems 
Funhermore, the decreasmg trend m PCB concentrations m fsh ussue samples from the PCB 
source m sediments to downsmeam ecosysrems suppons dus fmdmg Elevated PCB 
concentrauons detected m fsh ussue samples coUected from Standley Lake are not lrkely due 
to RFETS sources smce hrstoncally RFETS has conmiuted less than 5% of the surface wacer 
mputs to h s  reservou and upstream sites closer to WETS sources have lower or non- 
detectable PCB conccnmuons In addiuon smcc no PCBs were detected m any of the small 
mammal tlssue samples collected from around Ponds A-1, A-3 B-1 and B4, it rs evident that 
PCBs have not bioaccumulated m tcrrcsrnal food chams The Prebles Meadow Jumpmg Mouse 
(PbLlM') and predatory birds feedmg onsite are not threatened with PCB contarmnauon from 
these cerresmal sources at RFETS PCB levels m fish tissue from RFETS sources are also 
below effects thresholds for kh-eaung buds (DOE 1994a) 

a -  
Pr&mmarv results o f  sedunent and tissue samoies collected dunng the Operable Lmt 6 (OC6) 
Remedial Investigation iRI) I Au-gusc 1992 June 1993) mdicstcd elevated PCBs conc:nuations 
from some of the A- and B-Senes Ponds The 4- and B-Senes Ponds are located in the 
dramages of the \or& and South Walnut cre=ls P ior  to 1989 Walnut Creek discharged into 
Great Western Rese-Jou (OL3 MSS 'TOO) 
routed the flow cormng from Walnur Creek 3rounc Great Restern Reservou and back mto 
Walnut Creek beiow the dam (se: mau) The ~ocemal  c~ists for sedrments and or sc:cLific 
biota 111 Great Wesrern RcOservou and Scanale-; Lake Reservou to have beta unpacred bv PCB 
c9n-K from he RFETS pnor to 1989 Be-me of b s  possibdirv 3 sedlment and 
tissue PCBs samplmg projecr was undertake3 as 3 m  or the Environmental Evaluation IEE) 
ponion of the OU6 RI 

dv e-sion canal was consmcred m 1989 that 

Thls samplmg effort has e n d e d  the collecrion cr 3dditional sedunent and ussue samples from 
the A- and B-Senes Ponds and the coilecuon or -sa mnples &om the Walnut Cre:k tetrmnal 
pond at Indiana Street (OU6) and Great Desteq ikservou to d e t e r n e  if any PCBs have 
rmgrated downscrem of the tepuoal ponds TTe m d v  area was further expanded at the 
request of DOE (DOE 1994b) to Inchde fisn t'ssLt samdes from Mower Reservou Srandlev 
Lake Resenox the C Scnes Ponds (OU5) a d  =e D-Senes Ponds (m h e  buffer zone 
southem o f  OU5) 
discussed beiow The reievant field samolms L ) I ~  &ill be auueaded as aqropnate 

LVI of the sampimg results h v e  been rec:ived and a d w e d  and are 

P3ge i 



LII both the A- and B-Scms Ponds show a dccre3suq conccnuaam of PCBs p n m d y  
Amclor-1254, with distance dc~wpsacam (see Xracluncot 1 and below) Tht man values or 
Aroclon-1254 and 1148 ( p e n  t11 p@g) m the 4- and Bscnes Ponds we= as follows 

4- 1 75 9 L N D  B- 1 868 253 6 
A-2 a3 a ND B-3 2073 589 
A-3 25 m B-3 572 1VD 
A 4  ;vD m B 4  188 m 

B-5 XD m 

(*Calculated urns 20 ps/kg one-half of the mmtue~~ demuon ~IXD.I~S of 40 p3/kg, for 
nondctea where averaged wth dccccrs n = 3 

sedunent samples of pond ) 
\D dxam rhat PCB was uoc ckrccred m 

As shown above, sediments collecud from Poad E1 have a cousderably hghet mean 
&odor-1254 c o ~ ~ ~ t n c r a ~ o u  than those collected ,?om either Pond B-I or B-3 It IS speculated 

Page 2 



that thxs observanon IS due to the presence of  an outfall that hstoncally entered duectly mto 
Pond B-2, by-passmg Pond B-1 Also, Ponds El and E2 contarn the only sedunmt samphg 
locauons where Aroclor-1248 was detected It IS important to note here that no PCBs were 
detected m either terrmnal ponds A4 or B-5 In addiuon, no PCBs were detected 111 sedlment 
samples collected from the C-1 and C-2 ponds dunng the current OU5 RFURl (Attachment 4) 

0 

As a basis for companson of  FCBs 111 sedmenc samples, sample-specific Sedtment Qualrcy 
Cntenon (SQC) (see Attachment 3) were computed from P A ' S  SQC factor of 19 p g  PCBs/g 
total orgmc carbon (TOC) (EPA 1980) a d  the sample-spetxfic TOC percentage EPA's 
SQC, as well as its Ambient Water Quaby Cntcnon (AWQC) (0 014 gg/L), was developed to 
protect wlldlde feedmg m aquauc habitats (EPA 1980) Each of these cnrenon IS based on 
prevenmg bioaccumulauon of PCBs 111 aquanc lnvertcbrates and fish to levels above 640 
p g k g  When rmnk consume orgmsms conmmg thu level of PCBs, reproductwe 
mpaument m mrnk can result, dus mammal is the most sensiave vertebrate species reported u1 
the literature exammed (Platonow and Kantad 1973) The only ponds contamng PCB 
concentrauons exceeding SQCs were B-1 through B-3 Although these PCB concentrations 
exceed theu respective SQCs, none of the values exceed the acuon levels for remedrauon of  
PCBs 111 sedunents esrablished at other sites, whch range from 34 4 to 65 mg PCBskg TOC 
(34,400 to 65,000 ps/g TOC) (Bunon 1992 Baudo et al 1990) 

Histoncai release z~~toxmauon and the dlsmbuuon paaerns of PCE sedunent concentrauons 
suggest that the PCBs detected m the OU6 ponds have been denved kom hmonc releses 4s 
an example from the 1992 coUccuon effon III Pond B-1 the deeper sedment PCB 
copcentration (Attachment 4) was five umes fugher than levels rn the surface 2 feet Pond B-: 
had sedunent less than 1 feet UI depth Pond B-3 had s d a r  concenwuons with depth and 
Pona B-4 had conctications over two txmes hghet at depth than m the top 2 feet The 
p m a r v  rvpe of PCB found in the ponds kador-1254 xs one of the heavter PCBs (conurn 
-ore chlcme atomsj and is more resistant to biodegradation (XTSDR 1992) Odv one 
slightlv lighter and less resistant PCB Aroclor-1235, is found 111 the pond sedunents (B-1 and 
B-2) The absence of Uoclor-1148 II! the orher ponds contalnlng Uoclor-1254 suggests that 
enough tune has passed sace  the last s ~ d 1  for the less-reslscant PCB to have biodegraded 
whch also suggess chat the source o f  PCBs m the pond sediments 1s not trom a recent spill 
As tunher ctidence or hsroncal reiesse sources EG&G reviewed a summary of  the hstorc 
tunelmes ducussmg construction modificauons and lncidencs permmg to the A- and B- 
Senes Ponds (EG&G 1993,) The above summarv indicated that anv PCB releases mto the A 
Senes Ponds would ldcelv have occured pnor to 1972 and that any releases mto the B-Scies 
Ponds would have iAe1v occuned prior '0 1980 

In summation PCB concertrations IU both the A- and B-Senes Ponds decrease with disranco 
downstream to the uomt where no PCBs were deretted rn either terrmnal ponds A4 or B-2 
addition no PCBs were detecred m sedxment samples collected from the C-1 and C-? porch 
The-erore it is hghiv udrk:ly that sedments dcnved trom RFETS would be currendv 
conuibutmg PCBs to anv oi the orfsite reservous 

I- 
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Auachuxent 2 presents the uavalxhtcd PCB tissue results for the WaaUt atxi Woman cmlcs 
dramages For thrs study, an attempt was d e  to collect three of each specres for whole body 
analyses When addiuonal Dymbefs of the s a m ~  species w e r ~  sacnfkd, &cy were used for 
Net or her analyses Therefore, m At~achmcnt 2 all resulfs 
whole body anaIysrs unless speed 

To gme mean1113 to the current tissue dam, lrteraturc values arc first prcscpted as a 
companson For fish trssue the Iiteraauc suggests that rcproductrvc mcpamuent m rarobow 
trout may occur at co~lcellcrat~ll~s above 400 p3kg h h  weight (EPA 1980, as reported ut 
Ester 1986) Elsler (1986) rccommmds a maximum body burden for ttaut at 400 p3&g €ish 
weight, but makes no ncomme~ous  fbr nnn-salxrmmd spccxcs, arhtcb appear to be less 
senstuve However, it should atso be mad &at cuncatmms ofPCBs m fish wsue are 
reported to be promve of human braith after consumpaoa d they are beiow 5,000 p f l 3  
(Hocang 1983. as reponed m bier 1986) Airro,-fm m tht mapr ~wers of the U S 
commonly have levcis of PCBs $reatet than 1.OOO p3/k3 (Schmtaet a l  1983, as reponed u1 
Eis ler 1986) 

fbr the I'ZKKE muervauve 

7 

h the A- md B-Senes Ponds € 0 ~  rype~ of trssues (wholt body) from ~ U C  bmta W C ~ C  

S a l m d C -  (26-133 p - a )  a d  crayfish (BDL-9 5 p3nC9) 
aaaivzcd large mouth bass (404% p@kg) fit head r m ~ l o w s  (14479 @cg), uger 

observed throu@ the ASenes Ponds, specxes were either present and collected m one pod 
oaly or &e PCB co~enamotts were M o w  detccuoa lrmm For the B-Scnes Pocds, the PCB 
concenuauons lacrcased M uger salamanders from the B-1 to 3-2 Ponds wfth no tunhcr 
s~ec~mens hems found dofflumam, mcrcsscd m plants hrn El to B4, and decreased m rat 
liead mt~lllows from B 4  to B-3 PCBs were dctecccd m fat head RUMOWS coikcted from the 
UIainut Crttk terrmnal pond ac lndlana Scntt m tven Iower conceamua~ &an m B-l Onlv 
one fish spxies (carp) was collecud from Great IVestern Restrvov Of thc SIX carp specmen 
colletced odv  one contamed detected quanaues of PCBs (52 4 pg!kg) The only tissue 
samples collected on WETS to e x c d  Euler's (1986) retomnmdcd maurnam bodv burdm 
ror CrGriI (400 pykg fresh wei$u) were ttyCe fat hmd oli~lllow specma (965-5198 pghg for 
whole bodv) collected from the B 4  Pond 

NO COXISISE~ UC& Could be 

ith regard to the remamng sarnplq results fish crssue samples collected from Ponds C-1 
and C-2 C O Q W ~  O& low leWS ofPCBs (<IO0 pg'kg) and uo PCBS detctccd L I ~  iish 
trSSues tollecred horn Ponds D-l and D-2 and Vower Resexvow It is tntcrcs2~13 to note that 
the hghesr coacenaauon ot PCBs collected in m v  d ussue d u m  t h s  srudy was in a 
carp (loo0 pgikg) collected from Standley Lak: 9tse-ou In fact. ths was the onlv offsite 
value that exceeded the recommended maxrmurn Sodv burden for trout at 400 &lcg fresh 
weight Hrstoncallv less than 5%  ot the water %wmg mto Standley Lakc Resewou cync 

from R E T S  and all of the Woman C m k  dr3magc above the divide on Woman Cretk below 
C-2 dam has been diverted to Mower Reservoir sac:: 1989 Slnce very kde flow btonullb 
entcred Standlev Lake born RETS and mrientlt ao >urrac: water enters thts rcscmou it *s 



bghly unllkcly that the PCBs found m the fsh t m e  samples collected from Standley Lake 
have been denved from RFETS Furthcnnore, the scarciry of detected PCBs m fBh ussues 
collected from Great Western Reservou supports the hypothesis that RFETS is ~ l ~ f  
contnbuung PCBs to any of  the offsite reservous 

0 

A sampllng effon was undertaken to evaluate whether Prebles Meadow Jmpmg Mouse 
(PIkfJM) rmght be lmpacted by the presence of PCBs m the RFETS buffer zone This was of 
some concern because a PMJEvi, whch has been proposed as a threatened species under the 
Federal Threatened and Endangered Species Act was recendy live trapped on exposed Pond 
A-2 sedments S u e  PMJM have a diet s d a r  to deer mce,  13 deer rmce were collected 
adjacent to Ponds A-1, A-3, B-1 and B-4 for whole bodv ussue analysls to evaluate possible 
PCB ContarmDatlon m Prebles In addiuon, 12 voles were collected from the s e e  locauons to 
d e t c m e  If they represent a pathway of PCBs to predatory buds, whch d u d e  voles m thew 
diet As seen m Attachment 2, no PCBs were detected m any ot the smaU mammal ussue 
samples (whole body) collected from around these ponds suggesung that PCBs have m 
bioaccumulated up the food cham further than the fish species collecud at RETS and that 
both the P m l  and predatory buds feed- ousite are not threatened wxh PCB conrammation 
from RFETS In addiuon none of the PCB detecuons t ~ l  fish ussue from RFETS sources 
exceeded the food concentrauon thresholds recommended bv DOE (1994a) for fish-caung 
buds Beited Kmglsher 667 ppb Great Blue Heron 768 ppb 

Results trom the recent surrace sedunent samplmg (June Julv 1994) reveal no detectable levels 
of PCBs m remmal ponds 4-4 B-5 or C-2 inaicatng rhat it is not ldcely that sedmenrs 
denved trom RFETS are conuibuung PCBs to anv or &e otfsite reservous or downsueam 
etcsvsierns Funhemore the d e c - e s q  trend tn PCB conceatrations m fish ussue samples 
trom the PCB sourct m sedunents to downsrtm ccosvstem suupons h s  fmdmg 
PCB concentrations detected m f s h  tssue sarrcies collected from Standlev Lake are noc ldcelv 
due to RETS sources mc: fusroncallv WETS has tonmbuted less than 5% ot the surface 
wate- mpurs to thrs reservotr and uptrem sites Llosc'r to RFETS sourcts have lower or noa- 
deretable PCB concentratlorn In addition b ~ x t  i o  PCBs were detected 1z1 anv of the small 
mammal tissue samples collected nom arouna Tmcs 4 1 4-z B-1 and B-4 it is evident chat 
PCBs have noc bioaccumulated m terrcsrnal fccd cailLI1s Tae PV.J&l and predatorv buds 
feedmng onsire are not threatened with PCB c m a i i u o n  iOm these terresmd sourc:s at 
RFETS PCB levels ~n fish tissue from RFETS sxrczs are also oelow effects threasholds for 
fish-eaung brds (DOE 1994a) 

Elevated 



Agency for Toruc Subsrarsccs a d  Dwast Rcgstry (ArsDa) 2992- T Q X ~ C O ~ ~ X C ~ ~  Profile 
for Sektcd PCBS (Aroclor-1240, -1254, -1248, -1242. -1232, -1221, urd -1016) U S Dept. 
Health & Human Serv 

! 

Elsier R 1986 Polvchlorurared Brphenyi Hazards to Fah, WiiWe, and hvcrubrates A 
Synopac Revrew U S Flsh and WdWe scrvtce Bro&ogJcal Repon 85 (1 7) 

EPA 1980 Ambtent Water Quality Cnrm? for Poiychlmnawcl Btphenvls EP4 UU/3-80- 
068,211~ 

Hoeus, 4 L 1983 FDA Replaam on PCB III Food pp 395407 Ih F M D’ltn a& 
M S Kamrxn (e&) PCBs Human and E ~ ~ I I O ~  H ~ z M s  Bwttrw~Rh Pub1 Woo- 
;MA 

PIatonow V S and Karsmd L H 1973 “Dietary Effecrs of Poivchlonnaud Bqknyls OR 
V l d  * C S ~  J COW Md, 30 397100 

Schm~tc, et ai 1983 Natlonal P#ncuie Mo~tonng Pm-mam Orgauochiorrrmc Restdws m 
Freshwater Flsh 1976-79 U S  FshWlld Scrv Resour publ 152 62p 



Attachment 1 UNVAUDATED RESULTS OF PC8 PROJECTSEDIMENT SAMPUNG 

SED60092 S m  6-Jun-94 AROCLOR 1260 330 UG/KG U 520 
SED60092 S000009ST 6-1111194 TOTORG CARBON 1 5  %REC 0 16 

SED60192 SwooO8sT 6-Ju~-94 Yo SOLIDS 488 %REC 0 1  

SEDM192 SD00006ST 6-Ju~-94 AROCLOR l221 160 UWKG U 160 

SED60192 SwooO8Si 6-Ju~-94 AROCLOR 1242 160 UC/KG CI 160 

SED60192 SwoOOSsT 6-Jun-94 AROCLOR-1016 160 UG/KC U 160 

SED60192 SwoOO8ST 6-J~n-94 AROCLOR 1232 160 UG/KG LT 160 

SED60192 SwoOOSST 6 J u - 9 4  AROCLOR l248 160 UG/KG U 
=mTz--&~ sqiiik94-= L - - - 73?r=tEmJ-::- 

SEW0192 SDOOOO8S7' 6-Ju-94 AROCLOR 1260 320 UG7kZ u 520 
SED60192 SwooO8ST 6-Jm-94 TOT ORG CARBON 1 6  %EC 0 1  

POND LOCATION SAMPLE# SAMPLEDATE CHEMICAL RESULT UNlTS Q U A L  DEX LIWT 
- SD60092 swooo9ST 6-run-94 %souDs 3 4  %EC 0 1  

1 

A-1 

A 1  

A 1  

4 1  

4 1  

Ncte 

SED60292 SDWOllST 6-JUII-94 % SOLIDS 331 06REC 0 1  
SED6Cl292 SwOOllST 6-Jun94 ARKLOR 1016 240 LC/KG L' Z M  
S'rD60292 SXW11sT 6-j~n-94 AKOCLOR E21 240 UG/KC L L O  
SED60292 SDWOllST 6-Jm94 AROCLOR 1 2 3  240 UG/KC L 3 0  
SED60W2 SWOOllST 6-Tun 34 AROCLOR E42 240 UG/YC u 240 

wo SOLIDS 
OO 50L!!s 

AROCLOR 7016 
UOCLOR 1016 
ARKLOR 2 1  
UGCLOR 1121 
AROCLOR i 3 2  
ARCC-OR 1 3 2  
ARCCLOR 1242 
ARKLOR *:a2 

WOREC 
" O R E i  

LCiKC 
UGiKG 
LCI'KG 
K ; K C  

UGiKG 
UC/KC 
LC/KG 

L'Cr KC 

All detec*ion limit ialces are civ] weight ana aalus ed for sarnole moisture c m t m  



Attachment 1 UNVALlOATEO RESULTS OF PC8 PRaJECTS€DIMENT SAMPLING 

POND LOCaTZON SAMPLE8 SAMPLEDATE CHEMICAL RESULT =S QUAL D e  LJMrr 
SED60492 S- Wun-94 TOTORGCARBO N 11 "%REC 009 

A-2 SED-2 
SED60592 
SED60592 
sEwa532 
sED6[#92 
SEW0592 
SED60592 
rro6a592 
Sm60592 

%SOLIDS 334 
AROCLOR-1016 240 
AROCLOR-UZl 240 
ARoaoR-u3t 240 
AROCLOR-K42 24D 
AROCIDR-l248 240 
AROCLOR-ltsQ UIO 
AROCLOR-WO 480 

TOTORC CARBON 3.9 

% 
UGKG U 
UGKG U 
UGmG U 
UG/KC U 
Ucm u 
UGjmG u 
UC/KG U 

n 

0 1  
240 
240 
240 
2 a  
2 a  
480 
480 
0.05 

7 Note All detec,ton limit values are dry wetght ard ;tajus,ed %r sample moisture cantent - 



Attachment 1 UNVAUDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 

POkiD LOCA77ON SAMPLE# SAMPLEDATE CHEMICAL RESULT UNITS QUAL Dm LIMIT 
SED61092 Swoo31ST 21-Jun-94 AROCLOR 1248 230 UG/KG U 230 
SED61092 SwoO31sT 2lJun94 AROCLOR-12% 450 UG/KG U 450 
SED61092 Swoo3lST 21-Jm-94 AROCLOR E60 450 ucmc u 450 
SED61092 m l ! j T  21-J~n94 T m  ORG C4RBON 1 7  %REC 0 14 

A 3 SED61192 SW0030ST 21 Jun-94 %SOLIDS 603 ZREC 01 

SED61192 SW0030ST 21-Jw-94 AROCLOR 1721 130 UG/KG U 130 
SED61192 SDOOO3OST 21-Ju-94 AROCLOR-1232 130 U G K G  U 130 
SED61192 SDOOO3!X 21-J~n94 AROCLOR I242 130 UG/KG U 130 
SED61192 SW0030ST 21 Ju~-94 AROCLOR 1243 130 UG/KG U 130 

SED61192 Swo(#osT 21-Juri-94 AROCLOR 1260 260 UG/KG U 260 

SED61192 S-ST 21 Ju~-94 AROCLOR-1016 130 UG/KG U 130 

SED61192 %UOOXST 21-jun-94 TOT ORG CUCBON 16 %REC 0 OS 

A3 SED61292 
SED61292 
sEwl292 
S€D61292 
SED61292 
SED612Q2 
SED61292 
SEW 1292 
SED6i292 

A 3 SED61392 
SED61392 
SED6 i392 
SED61392 
SEE6 1392 
SED6 i302 
SEC61391 
>='06La? 
SED6131 

21 Ju-94 

21-Ju-94 
21-Jun-94 
21 Iun-94 
21 Jun 94 
21 Ju-94 
21 Ju~-94 

21 Jun 9 

21 Jun 04 

x SOLIDS 482 
AROCLOR 1016 170 
AROCLOR U21 170 

AROCLOR U42 170 
AROCLOR a48 170 
AROCLOR 1254 330 
AKOCLOR 1260 330 

TOTORG CARBON 2 1  

AROCLOR-1232 170 

I SOLIDS 348 
A3OCLOR 1016 230 
ARCCLOR-U21 130 
AROCLOR a 2  3 0  
ARCCLOR 1242 230 
GCCLOR 1248 230 
UCCLOR 124 ea 
L!CC-OR 1263 A5.53 

iOT CRG C U S O N  1 4  

ZREC 
UG/KG U 
UG/KG U 
UG/KG U 
UG/KG U 
UC/KG b 
UWKG U 
UG/KC Lf 

ZREC 
UG/KG 
UG/KC 
IJGi KG 
UG/KG 
bG/KG 
UG/KC 
LG/KG 
%REC 

%REC 
%REC 

LG/KC 
LGI 1(C 

LC/KG 
CG/KG 
t G /KC 
UG/KG 
CiG/KC 
LG/KG 
LGi KG 
LGI KC 
UC /KG 
L'G/KG 
UG/KG 
%REC 
W O R E C  

LC, KC 

0 1  
110 
170 
170 
170 
170 
330 
330 
0 1  

0 1  
U 230 
u 250 
L! GO 
U 230 
U Y O  
b A M  
c G O  

0 14 

O i  
0 1  
120 
EO 
120 
120 
120 
120 
20 
1*0 

129 
120 
5 0  
:40 
2 3  
:a 
J O i  
0 07 

.'I 

Note All detection limit values are dry rveignt ana adjussd for sample moisture content 3 

I 
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Attachment 1 UWAUDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 

POND LOCATION SAMPLE# SAMPLEDATE CHEMICAL RESULT UNITS QUAL Om L m  
SED61592 5- 3-JUl-94 ARocLm-ll32 U 130 

SED61692 
SED61692 
SED61692 
SED61692 
SED61692 
SED61692 
SED61692 
-1692 
SEW1692 

SED61792 
SED61792 
sED6l792 
SEW1792 
SED61792 
SED61792 
SED61792 
SED61792 
SEW1792 

SED61892 
SED61892 
SED61892 
SED62892 
SED61892 
SEC6 1892 
SED6 1392 
SED61892 
SED61892 

fED6W2 
SEWS92 
SED61992 
SEW1932 
SED61992 
SED61941 
SEW1992 
SED61992 
SED62992 

AROCLOR-I242 
ARKI.OR-l248 
AROCLOR-USJ 
AROCLOR-l260 

TOT ORG cAR&oN 

KSOUDS 
AROCLOR-1016 
AROCLOR-lZ2l 
AROU.OR-l232 
AROCLOR-IlA1: 
AROCLOR I248 
AROCLOR-UW 
AROCLOR-U60 

TOT ORG C4RBON 

uc/Kc 
UWKG 
UG/KG 
UG/KG 

% 

K 
UG1KG 
UG/KG 
UG/KG 
UWKG 
W/KG 
UC/KG 
UWKG 

% 

z 
LG/KG 
UWKG 
UG/KG 
UC/KG 
ucmc 
UWKC 
UC/K 

?b 

yo 
C%/KG 
CGi YG 
UGIKC 
LC;KG 
LCt'YC 
LCt KG 
LC/KG 

wO 

W O R E C  
LG XG 
LG 1XC 
GC I'KG 
CCt KC 
iCd KG 
LCt KG 
K / K G  
MGiKG 

*a 

LC/KG 
LCtYC 
LWKC 
UG 'KG 

U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

U 
u 
U 
c 
L' 
U 
W 

L 
Lr 
c 
U 
L. 
L 
L 

L 
t 
L 
L 
t 
L 
t 

L 
u 
L 
u 

130 e 
260 
260 
0- 

0 1  
260 
260 
260 
260 
260 
530 
330 
0 16 

0 1  
UO 
m 
120 
120 
120 
240 
240 
OM 

0 1  

9- L O  
SI 
2 3  

460 
0 1' 

SED62092 Swoo45s  L 30-J~n-94 T M  ORG CUSOhJ 17 

Note All detection limit ralucs are dry wetght and adjus*eC! fcr sample moisture content 

- - Pa - -&.--3;*ik, he 1 a- 5 
rx-w . 

0 
d 



Attachment 1 UNVAUDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 

POND LOCATION SAMPLE# SAMPLEDATE CHEMICAL RESULT UNITS QUAL DET LIrMIT 
B-1 SED62192 S W "  7 29-Ju~ 94 WO SOUDS 3 1  wO 0 1  

SED6292 SWOOIUST 29-Ju~-94 -OR-1016 160 UG/KG U 
SED62192 Swoo42sT 29 run-94 AROCLOR 1221 160 UG/KG U 
SED62192 Swoo42sT 29-jun94 AROCLOR 1232 160 UG/KG U 

SED62192 SDOW42ST 29-Juri-94 l'm ORG CARBON 2 2  YO 

160 
160 
160 
160 
160 
310 
GO 
310 
0 09 

0 1  
150 
153 
153 
150 
150 
300 
300 
0 09 

0 1  
220 
220 
210 
220 
220 
430 

SED62592 SiXO03X 24-Jun34 TOT CRC CARBO& 3 9  0 '5 

- - 
Ncte All ckf?c+icn limit Jalues are dr\j weight and adpled for sample rnoistura content 



Attachment 1 UNVAUDATED RESULTS OF PC8 PROJECT SEDIMENT SAMPLING 

SED62M2 S m  24-Jun-94 TOTORGCARBON 4.2 %REC 0 1  

%UEC 
%R€c 
UWKC u 
W/KG U 
UC/KG U 
UG/'SCC U 
u c m  u 
UC;cro;C U 
flc/Kc 0 

0 1  
01  
390 
320 
390 
320 
390 
#o 
390 

24m-94 YOREC 

L 
L 
U 
U 
L' 
E 

0 1  
180 
IS0 
130 
180 
IS(! 
s - -  --IC- 

0 1  

I 

Note All detection limrt values are dry weight and x ius  ecl for sample mois ure cmtent 0 
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Attachment 1 UNVAUDATED RESULTS OF PC8 PROJECT SEDIMENTSAMPUNG 

POND LOCATION SAMPLE# SAMPLEDATE CHEMICAL RESULT UNITS QUAL Dt3 LIMIT 
SED63192 Swoo24!X 14-Juri-94 AROCLOR 1221 360 UG/KC U 360 
SED63192 Swoo24sT 14-Jun-94 AROCLOR 1232 360 UG/KG U 360 
SED63192 SwoO24sT 14-Ju-94 AROCLOR 1242 360 UG/KG U 360 
SED63192 SwoO24!X 14-JunH AROCLOR l248 360 UG/KG U 360 

SEE63192 Swoo24ST 14-Jtnr-94 AROCLOR-l260 7 l O  UG/KG U 
SED63192 Swoo24ST 14-Jun-94 TOTORG CARBON 43 %REC 022 

E3 SED63292 SwoO26S' 14-Ju~-94 ISOUM 298 %R€C 0 1  

SED63292 SwoO26n 14-Jun94 AROCLOR-l221 260 UG/KG U 260 
SiD63292 Swoo26SI' 1CJm-94 AROCLOR-1232 260 UG/KG U 260 
SED63292 swoO26ST 14-Juri-94 AROCLOR 1242 260 UG/KG U 260 
SED63292 Swoo26sT 14-Jm-94 AROCLOR-U48 260 UG/KG U 260 

SED63292 SwoO26ST 14-Jm-94 AROCLOR-1016 260 UG/KG U 260 

SED6292 SwoO26ST 14-Jm-94 TOT ORG CARBON 2 6  0 16 

B-3 SED63392 SwoO23ST lGJun94 =- SOUM 22 %REC 
SED63392 SwoO23ST l4Jun94 AROCLOR 1016 360 UG/KG U 
SED63392 SwoOZST 14-Jun94 AROCLO R-1221 360 UG/YG U 
S E N 3 9 2  SwoO23ST 14-Jun-94 AROCLOR 1232 360 UG/KG U 
SED63392 SDO00233 14-Jun-94 AROCLOR l242 360 UG/YG U 

360 UG/KG L SED63592 SWOOZST l4-Jun94 ARCCLOR 1248 

SED63392 SWOOWT l4-Jun94 AROCLOR 1260 720 UC/KG L 

-- --- -SED&-9L-=s --..-- --1qUn-9& ""KR -Em=. mG'- 

SE3G392 SlXC0"ZST lLJun94 TOT ORG C U S O N  4 1  "OREC 

- 
NGE All detec ion limit vaiues are dry Necnt snc aalus ed 'or sample mIsLLro scntent 



Attachment 1 UNVAUOATED RESULTS OF PC8 PROJECT SEDIMENT SAMPUNG 

POND LOCATION SAMPLE# SAWLEDATE CHEMICAL R€SULT UNITS QUAL D E T W  

B 4  SED63792 swoO15ST 8-Jut-94 %souDs a53 %REC 01  
SEW3792 SWOOISST 8-Jun44 AROCLOR 1016 170 UGSG U 170 
SED63792 SDlOOm S-Jun-54 A R a R - 1 2 2 f  170 UG/KG U 17U 
SED6s792 SW0015Sf 8-JUn-54 ARoctoR-Ip2 170 UGKG U 170 
SEW3792 Swoolsr &fun-94 AROCLOR-lZ42 170 UGIKG U im 

SEDG792 SwOOlSS 8-Jun-94 TOTORGC4RBON 1.8 %REC 0 1  

SED63992 

SEDb4092 
SPD64E 
SE964C92 
SEobK192 
SED64092 
SEDbL092 
SEE64092 
ssmm2 
SED61092 

SED64192 
SED64192 
SED64192 
SED44192 
SED64192 
SE9&192 
SED64192 
SED64192 
SED64192 

SEW4292 
SED64292 
SED64292 
SED64292 
SED64292 
SED64292 

TOT OQC CaBm 

All detecqon l m t  values are dry weight ana m u s a d  'or samole mots ure cmtent 



Attachment 1 UNVALDATED RESULTS OF P C8 PROJECT SEDIMENT SAMPUNG 

POND LOCATION SAMPLE# SAMPLEDATE CHEMICAL RESULT UNITS QUAL D E T W  
SED64292 s- ls-jun-94 A.ROCLOR-l254 2SO UC/KC U 280 
SED64292 
SED64292 

E-5 SED64392 
SED64392 
SED61392 
SED64392 
SED64392 
5-92 
SED64392 
5-92 
SED64392 

E5 S-92 
SED64492 
SED6492 
SED64492 
SED64492 
SED64492 
SED64492 
SED44492 
SED65192 

15jw 94 
15-Jm-94 

l5-Juri-94 
ls-3un-94 
ls-3un-94 
ls-JLUL* 
E-Jun-94 
l5-JUIL-94 
l5-JUn-94 
ls-Jun-94 
l5-Jm-94 

10-Jun-94 
lo-Jun-94 
10-Jm-94 
10-Jun-94 
lo-jun-94 
10-Jun-94 
lO-Jt~rt-94 
10-Jm-94 
10-jun-94 

ARoct OR-1260 
TOT ORC CARBON 

%som 
ARKLOR-1016 
AROCLOR-1221 
AROCXOR-lZ32 
AROClOR 1242 
AROCLOR l248 
ARKLOR K54 

TOT ORG CAREON 
AROCLOR-l260 

%so- 
AROCLOR 1016 
ARKLOR 1221 
AROCLOR 1232 
AROCLOR 1242 

AROCLOR ‘Ed 
AROCLOR 1260 

TOT ORC C M O N  

AROCLOR-I248 

280 
12 

36 9 
220 
220 
220 
220 
220 
430 
430 
2 

639 
120 
KO 
l20 
uo 
no 
240 
240 
1 3  

UG/KG 
“OREC 

S r O R E C  
UG/KG 
UG/KC 
UC/KG 
UWKG 
UG/KC 
UG/KG 
UWKG 
%REC 

“OREC 
UC/KC 
UC/KG 
UG/KC 
UC/KC 
UG/KG 
LC/KG 
LGiKC 
aREc 

U 280 
008 

0 1  
U 220 
U 220 
U nl 
U 220 
U SU) 
U 430 
U 430 

O W  

0 1  
U 120 
U 120 
U Tu) 
U 120 
U 120 
u 240 
U 240 

0 37 

Note All detedion limit values are dry weight and acius;ed for sample moisture content 
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i Attachment 3 Samole-specific SQC Comuanson 1 

, Pond I Locanon I Sample X 1 TOC 00 
I I I I I 

(ugkg) I1254 (ug/kg)( 1248 (ug/kg) 

A-1 SED60192 ISD00008ST I 1 61 3 121 73 I U 
A- 1 ISED60292 ISDOOOllST I 181 3511 86 I u 
A- 1 JSED60392 ISDOOOlOST I 171 331 51 88 I U 
A-1 lSED60492 fSM30007ST I 11 195 I 49 I U 
A- 1 ISED60492 ISD00006ST I I I !  21451 441 U - I ~ 

A-2 ISED60592 JSD00004ST I 3 9i 76051 ut U 
A-2 lSED60692 ISD00003ST I 3 21 624 I 1301 U 

A-3 'SED61192 SD00027ST. 1 4  273 I U t' 
A 4  ,No Arocrors delcctcd I I 

A-2 /SED60792 ISD00002ST I 3 11 60451 89 I U 
A-3 JSED60892 SDOOOOlST I 3 31 64351 UI U 
A-2 jSED60992 $DOOOO5ST I 3 21 624 I 1601 U 
A-3 !SED61092 ISDO003 1ST I 171 331 51 45 I t' 

1 

~ 

A-3 !SED61192 iSD00030ST 1 161 3 12' U' U 
A-3 ISED61292 SD00029ST 1 2 11 40951 UI U 
A-3 $ED61392 'SM>0032ST I 141 273 I UI U 
A-3 ISED61492 lSD00028ST ' 12 '  234 UI U 

L 
B-2 SED62692 SD00059ST 4 2' 819; 3300 420 
B-2 SED62792 SD00035ST 5 71 1111 51 1200 I 650 

1 
B-2 SED62T2 SD0003JST 5 61 1092' 930' 580 
B-2 'SED62892 SW00Z6ST 131 838 51 1~001 390 
B-2 SED62992 SD00038ST 3' 585 I 2OOO1 U 

~ ~ 

1 I i I 

B- 1 , SED62092 SD00045ST 17 '  331 5 2201 88 
B-' SED62192 SDOOOalST 2 1' 429 I 16m1 190 
B- 1 SED62292 SD00043ST 131 253 5 9 101 470 
B- 1 SED62392 SDO0044T ' 2 li 40951 4101 100 
B- 1 SED62492 SD00041ST I 2 1. 4x31 11001 2 0  
B-2 SED62592 SD000377ST 5 91 115051 11001 1500 

B-; 'SED63092 'SD00025ST ' 151 19251 260 I t' 
B-2 SED63 192 SD00024STI 4 31 83851 2301 U 

1 

IB-; SED63192 SD00026ST 2 61 5071 13001 ul ~~ -~ 

B-3 SED63392 SD00023ST ' 4 11 79951 770 I LT 
B-3 SED63492 SD00022ST i 12' 234 I 3001 U 
I BA SED63592 SDOOOlsST ' 14: 273 I 2101 VI - _ _ _ _ _  -~ 

B-: SED63692 SDOOO12ST 1 '  195; 1201 b 
B-1 SED63792 'SD00015ST 1 3' 351, 1901 U 

SED63 892 SDOCO 16ST 3901 

1B-5 b o  4roclors decescd I I I 



A'17ACHMENT 4 OUS PCB SEDIMENT DATA 

C 1 SEDSOB SD50014WC 09-NGV-92 AROCLOR-72% 80 UGXG 
C-1 SEDSI0 SDS0017WC OS-NOV-92 AROClOR-1254 80 w3rxG 160 
C-2 SED511 S050023WC 10-NOv 92 AROCLOR-1254 80 UGKG 160 
C 2  SED512 SOSUO24WC l_U;Nov-92 AROCtOR-1254 80 ' 

. -75 --*- 
C-1 SED508 SD50014WC 09-NOV-92 AROCtOR~t260 I 80 UGKG 160 
C 1 S€:DSlO SD50017WC 09-NOv 32 AROCLOR-I260 SO W G  160 
C2 SED511 SQ50023WC IO-NOV 32 AROCLOA-I260 80 uG/KG 160 
C 2  SED512 SMOO24WC IO-NOV 32 AROCLOR-126Q 80 UGKG 160 



AlTACHMEM 5. OU5 PCBs IN POND SEDIMENT CORES (1992) 

POND CORE DEPTH 
TOTAL PC8 CONCENTRATION 

UG/KG IPPB) 

61 i 0-2FT I 1640 

8846 2-4FT i 

I 

I 1 

I 

2260 I I 
I 0-2FT i 82 I 

I 

03 0-6tN 1994 790 

I 0-2 Fr 1550 I 

8-4 0-2FT 284 

I 2-4FT 660 I 



RFKR 96 0029 UN 
Anal RFKW Opemble Unit 3 

Appendix L contams papers authored by RFETS employees 

Comprehensive Appraisal of Plutonium 239 240 in Soils Around Rocky Fluts 
presented in the Journal of Health Physics which was published in the December 1995 issue 

Litaor, et al (1995) was 

Analysis of Selected Metals in the Surjkial Soils of OU 2 Allen and Litaor (1995) was developed as an 
internal study for OU 2 This paper is relevant m that if OU 2 contams metals which exhibit an areal 
distnbution pattern, this may be indicative of metal contarmnabon m OU 3 The study shows that there is 
no mdication that metals other than plutonium and amencium were areally disbursed into OU 3 

Vertical Distribution of Actinufes in the Soils of Operable Unit 3 Litaor, (1995) discusses the vertical 
movement of actinides in the soils The data indicate that vemcal movement of actmides is not 
occurnng 

Comprehensive Appraisal of Americium 241 in Soils of Operable Units I 2 and 3 A Basis for  Risk 
Analysis Litaor and Allen (1995) provides a distnbution analysis of amencium-241 using the same 
techniques as plutonium-239 240 

L1 
I 
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e Paper 

COMPREHENSNE APPRAISAL OF 239+240Pu IN SOILS AROUND 
ROCKY FLATS, COLORADO 

M Iggy Litaor * D Ellerbroek,+ L Allen * and Enka DoValat 

Absbclct-Plutonium contanunahon of sods around Racky 
Flats Ennronmental & Technology Site, near Golden Colo- 
rado, resulted from past outdoor storage prachces and subse- 
quent remobdlzabon due to inadequate cleanup practices 
Until now human health nsk pssessment has not been per 
formed because of a lack of suffiaent informahon regarding 
the spatd extent of =+wOP, m soils. The purpose of tius 
work was to eluadate the extent of plutomum contaminahon 
m surface sods, and to assess the uncertainty assoclated with 
the spahal dmbution of u9++ around Rocky Flats 
Ennronmental & Technology Site. Four data sets were col 
lected or compiled for this mvestqphon (1) samples collected 
from 240 plots of 101 or 4 05 hectare by cornpositing 25 
evenly spaced samples from the upper 0 64 cm in each plot, (2) 
samples collected from the upper 5 cm of sod in 167 of the 
same 240 plots by composrtmg 10 samples from the center of 
each plot, (3) hlstoncal data compded from samples collected 
between 1969 and 1973 considered to be the most indicahve of 
the ongmal release, and (4) the exhaustwe data set that 
contains the samples from 1 2, and 3 and other pubhshed data 
sets collected between 1974 and 1994 These latter samples 
vaned in depth and method of sampllng Plutomum actinty 
reported m the exhaustwe data set ranged from 0 03 Bq kg-' 
to 407,000 Bq kg-' ovlth a mean of 1,443 Bq kg-', medmn of 
6 6  Bq kg-' standard deviahon of 18,463 Bq kg-', and a 
coeffiaent of vanahon of 12 6 The technique of nonparamet 
nc mdcator kngmg was used to model four conhhonal 
cumulahve dlstnbuhon fundons of us+% in soils around 
Rocky Flats Enwonmental & Technology Site. Each of the 
con&honal cumulahve dlstnbuhon funchons was used to 
generate an Etype (mean of  the condihonal cumulatwe dstn 
buhon funchons) surface. The resulted surfaces were consls 
tent mth the hypothesls that the westerly mnds were the 
dominant mechanlsm of plutomum d~~persal Other processes, 
such as downstream transport of sedunent along local 
southeast trending dmnages, may have a d d m o d y  moved 
small amounts of plutomum The condhonal cumulatwe dis 
tnbuhon functrons were also used to construct probabdity of 
exceedance maps of =9+ucoPu in soik For the purpose of this 
report two threshold values for the probabhty maps were 
selected (1) the mean and the hghest measured global fallout 
of plutomum (1 48 and 2 % Bq kg-', respectwely), and (2) the 
programmahc prelimnary remdahon goal for residenbal 
occupancy scenario (126 Bq kg-') The probability-of 
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Corp Boulder CO80301 
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exceedance maps provide eshmates of spatml uncertainty 
assoelated with each threshold The E type maps in coqunc 
hon with the probablty-of-exceedance maps provide a robust 
framework for future cleanup ophons and land use decisions. 
Health Phys. 69(6) 9 S 9 3 5 ,  1995 

Key words sod, plutomum, waste management, contamha 
hon 

INTRODUCTION 

PLUTON~UM contarmnatlon of soils around Rocky Flats 
Enwonmental & Technology Site (RFETS) located 
north of Golden CO onginated pnmanly from a former 
storage site where steel drums were used to store 
plutomum contaminated industnal oils from 1958 to 
1968 (Krey and Hardy 1970 Seed et a1 1971) 
Plutonium-contarmnated oils leaked from the detenorat 
ing drums resulting in contamination of surface soils 
Plutonium pamcles entrapped in the fine fractlon of the 
surface soils were subsequently airlifted by winds and 
deposited on soils in an east and southeast-trending 
plume (Krey and Hardy 1970 Seed et a1 1971 Poet and 
Martell 1972 Little et al 1980) 

Several studies have been conducted to assess the 
spatlal dismbutlon and total inventones of plutonium in 
soils around RFETS k e y  and Hardy (1970) sampled 33 
sites located as far as 64 km east south and north of 
RFETS to establish a 239+240Pu contour map around 
RFETS (Fig 1) The small number of soil samples 
resulted in significant extrapolation over large un 
sampled areas and relied heavily on a few individual data 
points Krey and Hardy (1970) did not ex lam the 
method they used for construction of the p39+2~Pu 
contour map 

Seed et a1 (1971) produced an isopleth map using 
data from 135 soil samples This map differed signifi 
cantly from the previous contour map (Krey and Hardy 
1970) especially in the magnitude and extent of Pluto 
mum activity in soils located off plantsite (Fig 1) The 
isopleth map (Seed et a1 1971) was produced by dividmg 
the area into 17 sectors where the soil data for each sector 
were curve fitted using the least-squares method Thls 
method estimated the activity of plutonium in the soil as 
a function of radial distance from the source of the 
contammation However this interpolatlon techque did 
not provide any measure of the reliability of the esti 
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mates Therefore, the pmbabhty of INSCMUUIOII by 
intcrpolaaon e m  cannot be knoara 

Krey (1976) constructed a second lsopledr map of 
plutomum m sals around RFETS (Fig 1) wbcb repre- 
sents the dmxt contnbutmn of plutonrum from RFETS to 
the sod envmnment That is it shows RFETS pltltoluum 
vs global-fallout plutomum Global-f&t philtoarnm m 
the Denver area was estunated to be 0 6220 18 Bq kg-' 
Krey s (1976) isopleth map was constructed usmg data 
from 22 sod samples taken from as far as 60 km north 
and southeast of RFETS Once agam b y  (1976) L d  
not describe the method by whch the pluton~um- 
deposiQon mtmrs were constructed or the asso- 
ciated with each contour Thts latter ISOP~& map was the 
premse of the canccmncidence assessment for the Den 
ver area (Johnson 1981) 

Johnson (1981) asseRed that exposure of a large 
population m the Denver area to plutomum released by 
RFETS increased the cancer incidence by mon than 16% 

cases of cancer accordmg to that study were leukerma 
lymphoma, myeloma, and cancer of the hmg thyroid, 
breast, esophagus stomach and colon The c o d a h o n  
between cancer madence and plutoruum in soils was 
acbeved by readjustrng and superimposing census tracts 
on areas east and southeast of the plant confind by 
plutomum isople&s (Fig 1) Obviously tlus paper gen 

fOr pOpUhhOIl dJaCent t0 the p h t  (Fis 1) The 

MATERIAIS AND METHODS 

42emta-rtppnrSch 
A of the spsaal dtstnbutloa of 

in the sod can be performed usmg geostatlstl 



cal techmques such as kngmg Kngmg is a genenc name 
for a group of estlmatlon techmqUeS that design to 
mnimze error-vanance 0rdmu-y kngmg (OK) whch 
was recently used by Litaor (1995b) to e s m t e  the 
spatlal &stnbuhon of 239+w in sods of RFETS is 
sensitlve to strongly posihvely skewed distnbuhons Thls 
sensihvity may result m underestlmahon of in 
hghly contarmnated areas and overestmahon in areas of 
low contarmnatlon The most severe h t a t l o n  of OK, 
however is the Miculty of assessmg the rehabhty and 
the uncertamty associated with its estmates There are 
several geostahshcal techques that model the Spahd 
uncertamty of a given contarmnant m the enmnment 
rather than produce an "o~~IIMI' estunator These tech 
mques mclude mQcator cokngmg probabhty and m&- 
cator kngmg InQcator kngmg (IK) was chosen for the 
present study because as a nonparametnc method it is 
free from any Qstnbuhonal assumphons and resistant to 
a h a y  skewed Qstnbuhon and outhers InQcator 
knging IS also a faster and smpler procedure compared 
to more elaborate techmques such as m&cator coknging 
and probability kngmg but has s d a r  accuracy (Goo- 
vaerts 1994) 

The followmg IS a bnef descnphon of the IK 
anal sis as pertams to eshmatmg the spahal distnbuhon 
of "+% in soils around RFETS A complete math 
ematlcal treatment and formahsm of IK and the theory 
behind parametnc and nonpmetnc  spahal-estlmahon 
techniques can be found HI Journel (1987) Isaaks and 
Snvastava (1989) and Deutsch and Journel (1992) 
among others 

1 

2 

3 

4 

e 

f i e  IK analysis was performed as follows 

A general exploratory data analysis m whch univan 
ate stattstlcs were performed and the benefits of data 
transformahon and declustenng were assessed 
K threshold values for the calculated condihonal 
cumulative distnbuuon functlons (ccdf) were se- 
lected Generally mne cutoffs defimng the standard 
ccdf were considered 
Indicator semvanograms were computed for the nine 
cutoffs Zk 

1 n(h) 

2yl(h t) = - 
n(h) 

[Z(U ~ k )  - Z(U + h 2J' (1) 

where n(h) are data prus separated by the distance h 
and Z(u z ) is the indicator vanable whch is set to 1 
if the 239'2% achwty at location u is hgher than 
the specified cutoff zk and is set to 0 If it smaller or 
equal to this cutoff value The mhcator vanogram for 
a pmcular threshold value [2y Z(h Zk)] measures the 
degree of spatlal correlahon of the in&cator vanable 
Z(h zk) over a given area 
The accuracy of IK 111 eshmatmg the ccdf at the mne 
cutoffs was e x m e d  by a cross validatton analysis 
Ths analysis consisted of eshmahng the probabhty 
of exceedance of a given cutoff at a datum locatlon 
where the 239+2% achvity was temporanly re 
moved from the data set Thls procedure was repeated 

at all data locatlons The true probability of ex 
ceedance at a given cutoff was compared aganst a 
computed value at that cutoff 
The or&nary indicator knging algonthm was used to 
generate cumulative indicator functlons and compute 
the probability estlmates for the unsampled area at 
specific locatlons In general a 5 500-m search radius 
was used with a mnimum of 4 and a maximum of 10 
data points required to estimate a value at a pomt The 
ordmary mdlcator knging equatlons were solved for 
all the mne cutoff values "his provided the uncer- 
mty evaluahon through the mne &screte ccdf val 

The ccdf for any requlred quanhle or probabdihes of 
exceedmg a threshold value of interest (e g global 
fallout plutomum) was obmned by linear interpola 
h O n  

UeS 

*-.I 

where z is the threshold value of interest between the 
computed cutoff values zk and The notahon 
flu zk I (n)] represents a funchon of both the thresh 
old Value zk and the available informatlon I (n) and 
The E-type estlmate (mean of the ccdf) was computed 
using the following equation 

K 

= 2 z k {flu & + I  I (n)l - flu I (n>D (3) 
k=l 

where z"E(u) is the E type estlmate at locatlon u z'k 1s the 
k;h class mean computed by eqn (2) and zk and zk+l are 
class bounds that define the interval of vanabhty of the 
contarmnant n e  ccdf of 239+2% actlwty m the sods 
around RFETS showed a large posihve skewed hstnbuhon 
thus the upper ml of h s  ccdf was calculated usmg a 
hyperbohc model 

E 
FJZ) = 1 - - o r 1  zo > E > 0 (4) 

Z0 

where E is a scalmg parameter that allows identifica 
tion of a pre calculated quantile value o is a power 
parameter that controls how fast the ccdf reaches its 
upper limt, and z represents 239+2% actlvity 

The IK analysis was performed using GSLIB-the 
geostatisttcal software library and user s guide (Deutsch 
and Journel 1992) 

Field sampling techmques 
Pnor to the approval of construction activity the 

State of Colorado requires ameliorative treatment of soils 
with plutomum activity greater than 33 3 Bq kg-' (CDH 
1975) To evaluate the soil plutonium values relahve to 
h s  guideline the Colorado Department of Public Health 
and Envuonment (CDPHE) sampling protocol was used 
(CDH 1989) This sampling protocol requues the collec 
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Uon of 25 equally-spaced subsamples to be cornposited 
wittun a 4 05 ha area for plutoruum anaiyss The soil at 
each indwidual locahon was sampled with the CDPHE 
sampler whch was designed to o b m  a sample from the 
upper soil surface 0 64 cm deep and b m  an area 5 cm 
wide by 6 cm long 

Because the CDPIE sampler collects only the top 
064 cm of the sod, the sampler e&bited a senous 
problem m locatrng the boundary between the sod 
surfaceaedthchtterlayeraccumulatedabove Meace a 
comparative study was conducted to assess actuude 
achwty usmg the CDPHE and the SO-cafledRocky Rats 
(RF) SampW aechnrque The RF Sam- protocol 
dctated that sod samples 8te coktcd by dnvmg a 10 X 
10 em cutttug tod 5 cmckp rnto usxbtdd ml Five 
sub-samples wcre collected frwt rh: CoIllCrs and the 
center of two 1-m squares wkch were spacad 1 m apart 
m the middie of each samphng plot 

sdl spmpling design for the CDPEE ad RFP 
data sets. The soil smplmg desqn in the a m  w&m 
RFETSwasdescnbcdbyLatatx(l995b) insummy 84 
contiguous 405 ha plots III drffennt dmcwris and 
&stances from the former storage site and 34 101 ha 
plots In close pmty to the former starage SI* wan 
sampled The optunal number of sal samples and the 
Oprrmal distance between the plots off prmtsite wen 
deternuncd usmg a samphng strategy algotrttHn for soil 
samphng suggested by McBratmy et a1 (1981) Past sod 
samphng programs in areas east of RFETS p r o v r d e d  
sufficient i n f o m o n  (120 soil samples) to compute the 
optlmal sampling design (DOE 1992) optun\un sam- 
phng for the purpose of h s  report is dtfined as the 
stahshcally objechve detemnauon of a btance be- 
tween samples that achleves the desired csbma&ed error 
(16 6 Bq kg-') 

The boundaries for the surface soil samphg m areas 
east of RFETS were detcmned on the basis of the 
smallest contour value (1 1 1 Bq kg- ') prowded by Krey 
and Hardy (1970) The computed opamum samphng 
interval for the gnd spacing between plots mthu~ these 
boundanes was 1750 m To reduce the estmahon 
vanance even further the optimal sampling interval was 
decreased to 1 OOO m between gnd plots Because thc 
semvanogram was lsompic the 1 OOO m gnd space was 
used in all dmxhons The actual locahon of the p b  was 
also mpacted by past and present land-use pracbces 
access refusal by land owners and significaat growdl in 
residenual and commercial areas east of RFE"C3 dutrng 
the last 20 years 

Ad&tronal data used m geostatrstrcal adysas. To 
increase the number of soil samples so rhat the ccdf 
would be based on a larger data set, an edchhonal70 
samples from earher soil samphg programs in &eas 
between the Great Western Resewox (GWR) and Ssand- 
ley Lake were added to the c u w t  study (see Fig 1) 
These previous samphg programs included the J&m- 
son County remedy-land study conducted ILL 1991 O E  
1993) the remdal-achon program on Jefferson County 

--dais 
TIIC '+.woPU act~wty in the sol1 samples was 

measutcd by alpha spectroscopy at several commercial 
labomtones [sa Litaor et al (1994) for detads] 

Table 1 Summary statisha of in the four data sets 
Uluts ace HI Bq kg-1 

st.tisacr CDpHE RFP HlstorIcal ExhauJave 

Nu~i~bcr~fdata 240 167 240 750 
Nkra 948 4068 836 1 722 
SD 4477 40848 7437 19 906 
czo&kbrof 4 7  6 7  8 8  1 1  5 

hhxmlum 53761 407m 111m 407000 

baDdon 226 6 6  7 03 
2 7  2 6  185 

35 

Mintlllom 007 0 003 0 003 
ske- 8 9  8 0  13 7 16 2 
KlUM6lS PO1 697 2007 289 9 

vllrknce 

139 221 41 4 425 

72 -- 0 1 1  



RESULTS AND DISCUSSION 

Exploratory analysls 
Plutomum actlvity m soils around RFETS is sum 

manzed m Table 1 All data sets e ~ b i t e d  a hghly 
positlve skewed dxstnbuhon that r e q u d  a nonparamet 
nc spatlalestmahon techmque to ascertam the spatlal 
distnbuhon and its uncemty  The effect of few outhers 
on the mean and the vanance of the ccdfs of these data 
sets are obvious The exploratory analysis also mdcated 
that results from the current samphg program showed 
hgher aCtlvlheS of msolls(ie mean medm 
quanhles and outhers) than &d the hlstoncal mforma- 
tlon These findmgs were expected because of the current 
extensive and contiguous samplmg near the former 
storage site 

VarrOgraPhY 
The ccdfs summarrzed m Table 1 provlded the rune 

cutoffs from whch m e  mdxator vanograms for each 

data set were modeled The mne mdicator vanograms 
showed strong spatlal correlauon of 239+% for each 
data set and cutoff exmned (Fig 2) 

Cross validahon analysls 
The madel parameters for indcator vanograms were 

tested using the cross validahon technique Indmtor 
values at each cutoff were knged and the mean of both 
actuals and eshmates computed Each cutoff represents a 
value of the underlying cdf thus the mean eshmated 
value should be favorably compared with the known 
mean at that cutoff For example If the first cutoff 
represents the value greater than or equal to 10% of the 
data, the mean of the actual and estmated mdlcators 
should be approxlmately 0 10 Sigdicant deviahon from 
the underlying cdf would suggest a problem with the 
model vanogram The vahdatlon results usmg isotropic 
models are summanzed i n  Table 2 The vahdatlon results 
for all data sets indicated that the models adequately 

024 Or) 

ZKll66 Z K m O 7 7  

t 

I 

, 

Fig 2 In&cator vanograms and models for the nine cutoffs using the exhaustive data set Sirmlar analysis was 
performed for the the other data sets (not shown) 
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Table 2. Iodrcator vanogram model vaWatmn using tbc exhaus 
tlvedataset.slmrlaranalys&lwaspuformcdfortbeothcfdstrsas 
wth Slrmlar msults (not shown) The vrrlrles in &e iht column 
npresent paccmge of the ccdf the actual aod c#mlatc arc 

calf (t) Cutofi (Bq ks-'1 Achpl Estmmte 

d s x o n k s s  

01 O T I  0.099 0 lo2 
0 2  166 0 198 0 1% 
03 244 0.298 02w 
04 3 7  0.383 0.378 
05  666 0 493 0512 
0 6  14 8 OS98 0390 
07 285 0.699 0.691 

O s 5  3963 0899 0896 
0 8  799 a798 a m  

Etype estimate of =+uopll in sdls 8roand RFmS 
T h e E - t y p t ~ t c s o € ~ + ~ ~ ~ ~ , , i s  

The E-type estuaate E[f(u)] ls coIlsKtcred the.ctosest 

&type estimates of 239+ubpu &uktcd for the CDPHE 

the expected mexm vahte of the datcach8peclfiedgnd 
pomt(qn3)forthe4datasets mdepmcdmFigs 3-6 

possible to the true value au) (Goovaerts 1994) The 

and the RF soil data, as well as for the exbaushve data 
set show a clear west-east trend This trend IS character 

x 
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Fig 4 E type esumate of 239+240pu using the RF soil techtuque 

these somewhat hgher values for plutonium actlvity in 
the southeast direction is unclear One possible mecha 
msm withm the RFETS boundanes is sediment transport 
along the local southeast-trendmg dramage Johnson et 
al (1976) showed that sedunent samples taken from the 
Woman Creek dramage system a roximately 2 km east 
of Inchana street exhlbited 239+'%u actlvity from 3 to 
67 tlmes greater than sod samples taken away from the 
flood plans Ther finding strongly supports the interpre 
tatlon that 239+240pU chspersion m the envlronment was 
fachtated by dormnantly eohan processes with some 
sediment transport along the southeast trending dramage 
These findings also illustrate the danger in using an 
inadequate data sampling and analysis design for estl 
matlng the extent of plutomum dlspersal in the soil 
envlrons 

The E-type estunate generated from the lustoncal 
data set (Fig 5) did however produce a southeastern 
plume somewhat simdar to the map by Krey and Hardy 
(1970) Thls southeastern plume was predicted as a result 
of the inclusion of data from one soil sample near Indiana 
Street that exhibited u9+2% hgher than 185 Bq kg-' 
(Fig 5) There are few soil samples around tius locale 
hence the E-type estunate configuratlon was heavily 
influenced by thls outher The proximty of thls soil 
sample to Woman Creek suggests that sediment transport 
down the southeast dramnag2cm may have been the 
predomnant process of transport in the south 
east direction rather than eolian transport 

1) 

Thls E-type estlmated plume did not however 
extend as far south and southeast as the plume proposed 
by Krey (1976) Krey extrapolated the contours in the 
southeast dvectlon to the equivalent of 0 11 and 0 07 Bq 
kg-' Johnson (1981) extrapolated even beyond Krey s 
map and contoured a 0 0 3  Bq kg-' isopleth to fit the 
censor tracts of cancer incidence in the Denver area 
withm these isopleths of plutonium-contarmnakd soils 
(see Fig 1) There are only a few data points to support 
such an extrapolatlon For example in the hstoncal data 
set less than 1% of the data exhibit values in the range of 
0 1 1  to 0 07 Bq kg-I Even in the exhaustwe data set 
less than 1% of the data exhbit values between 0 11 and 
007  Bq kg-* Moreover none of the E-type estimates 
regardless of data set used generated a southeastern 
plume slrmlar to the one depicted by Krey (1976) an! 
Johnson (1981) The isopleth patterns of 2 96 Bq kg- 
and 148  Bq kg-' depicted in Figs 3-6 exhlbit random 
dismbutlon whch is charactenstlc of global-fallout plu 
tomum rather than an eohan hspersion pattern attnbut 
able to RFETS releases These findings cast a senous 
doubt on the very basic premse of Johnson s work 
namely there is a strong correlation between plutoruum 
contammated soils and the incidence of cancer m the 
Denver area 

There are several adhtlonal points that can be made 
from demled analysis of the E-type maps of the four data 
sets Fmt the upper lmt contour of the isopleth maps 
produced by the E-type estimates was 370 Bq kg-' 
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because only 1096 of the data were h g b  than 370 Bq 
kg-' (Table 3) All the values 8bpW 925 Bq kg-1 are 
c l u s t c r e d a r o u n d t h e f ~ s t o r a g e m ~  LargeVambdlty 
of us+uopu achvlty was *& ln thls BICP. For 
example sod samples d d  u1 a plot urmdatcly 
eastofthefonmtaoragesitc tbeCDPHEsampkr 
exhlbit 53,650 Bq kg-' of 239+ % (Latsor 1995b) 
Two addIhonal samples collected from the same plot 
usm~ thc RF SBmPltltg protocd exhxbted 14060 Bq 
kg- and 407.000 Bq kg-' of ='% Sevtral plots 
l n t h r s a r e a f c c r t U n d S u n t l a r V ~ ~  lhslargevan 
abhty pmbabYgdted from the "hot p912rcles" phe- 
nomenon of 'UOPU m w~ con- soils 
Hence the -t of the ana ctusractenzbd by 

than 925 Bq kg-' should be 239'- 

acheved from the actual obsuved data (manly mhg- 
uous sod samplmg plots) rather than spati&-ROn 
-q- 

Second, the source of the somewhat htgher 
u9+% achmty (as much as 129 Bq kg-') near the 
juncb~n of hima Saeet and Highway 72 is unlarown 
Most of the sod samples around rhrs locale 8n well 
wrthm background actlmty of us+% ln sods of 
Colorado Eolm -on of a cmmmment is usually a 
favly ContlIlzloUs phenomenon, therehe, the- lack of 
spatlal support around locale is mamstste~ wth the 
lntetpretatlon of m h  trensport T b  locale exhbited 
cons~~mtly h g b  values of u9+% (e g Kny and 
Hardy 1970) Further study of plutcmun sotopic rat10 IS 

values 
~i tyofexoeedingathnshaMvalut  

Several maps of eondsmal pmbabhaa w m  $MI- 
eratcd to p w d e  areas of mxtamty arwtnd the so- 
plethsoftheE-typee&matcs Toaeatethese~nzps 
three threshold values were selected the first two vslues 
represent vaiues of &&al-fauout plmonrum m the Den- 
ver area, and tbe thtrd is the pmgmmmahc prcllrmnary 
mndabon goal (PPRG) value 

GhhLfbIlottt pl~t~d- "he global-fallout @u- 
tomutn values are based on the work by Krey (1976) who 
caldakd the global-faltotrt plurontum m tke Denver 
m a  using % % rattos, an8 fixmi tbat areas as far 
Bs 17 km east and southeast of the *t were lmpaeted 
by plutou~um from RFETS Rie CDFWE has identified 
several remote locatmns thought to represent background 
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Table 3 Values of nine cutoffs in Ba ke-' of the four data sets 

Mile  
Cutoff for 
CDPHE 

~~~~ 

Cutoff for the Cutoff for the 
Cutoff for hstoncal data exhaustwe 

RF set data 

01 
0 2  
0 3  
0 4  
0 5  
0 6  
0 7  
0 8  
0 9  

I I 1  
3 7 0  

11 I 
18 5 
33 3 
48 1 

114 
310 

1100 

0% 1 1 1  
1 92 1 85 
5 18 2 %  

10 3 444  
25 9 666  
666 12 9 

164 28 4 
370 103 

I332 736 

1 1 1  
148 
2 22 
3 70 
666 

14 8 
285 
79 9 

395 9 

Table 4 Companson between 2 3 9 + 2 ~  aChVity in soil samples 
collected with the CDPHE vs RF sampler 

Sum of Wilcoxon 
Method N scores 24ampletest KruskalWallistcst 

RF 167 2 7 6 9 8 5  S = 2 7 6 9 8 5  2 = 0 0 9  

CDPHE 167 282465 R o b > a = 0 7  P r o b > 2 = 0 8  
Z =  -031 

levels of 239+240pU The 239+240pu actlvity for soils 
collected from these areas in 1989 usmg the RF sampler 
ranged from 0 51 Bq kg-' to 2 84 Bq kg-' with a mean 
of  1 23 Bq kg-' (Table 5) These values are hgher than 
those reported by Krey (1976) even though the sites are 
considerably farther away from RFETS These values are 

Table 5 Background activity of 19r24% in soils of Colorado 
Umts are in Bq kg-' 

Whiting €G&G Krey Punymunetal 
statlstics 1994 1989b 1976 1990 

Number of dam 
Mean 
SD 
Coefficient of 

Maximum 
Upper quartile 
Median 
Lower quarule 
Muurnurn 
Skewness 
Kurtosis 

VXlaIlCC 

50 9 I 1  
14 123 066 
0 5  0 7 3  014 
037 0 5 9  021 

266 284 092 
I 70  I 7 5  0 7 5  
125 099 0 6 3  
099 064 059 
062 051 040 
078  177 106 

-021 401 I 1 7  

5 
I 1 3  
106 
0 9  

299 
I 95 
0 57 
0 34 
004 
I 1  
25 

Unpublished data Rocky Rats Golden CO 80402 0464 
Unpubhshed data Rocky Flats Golden CO 80402 0464 

also hgher than values reported by CDPHE for the same 
locatlons when the CDPHE soil sampler was used 
(Schrmdt 1995) Purtymun et a1 (1990) studied the 
lmpact of global fallout plutonium on remote areas in 
Southern Colorado and Northern New Mexico They 
showed that 239-c240pu activity collected from soils 
ranged from 0 04 Bq kg-' to 2 99 Bq kg-' with a mean 
of 1 13 Bq kg-' (Table 5) A background charactenza- 
tion study for surficial soils is currently being conducted 
along the Colorado Front Range and the Eastern Plains 
Prelimnary results of this background study indicate a 
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Fig 9 Contour map of the probabihes that the unknown 239+2% achwty exceeds 126 Bq kg-' using the exhaustwe 
data set Simlar analysis was performed with the other data sets whch ylelded sirmlar results (not shown) 

239+2% actlvity that ranges from 0 62 Bq kg-' to 2 66 
Bq kg-' with a mean of 1 4 Bq kg-' and median of 1 25 
Bq kg-' (Table 5) 

Thls survey of global fallout plutonium across the 
State of Colorado suggeds a large range of 239+2% 

achvitles probably due to weather patterns surficial soil 
processes and land-use practlces in the last 30 years as 
well as error associated with the vanous soil samphng 
techques and laboratory methods employed In the 
present study we selected a threshold of 2 96 Bq kg-' as 
the uppermost representation of global fallout plutonium 
and 129 Bq kg-' as its mean 

Probability maps clearly demonstrate the large un 
cemnty associated with the E-type estlmate isopleths 
(Figs 7 and 8) Areas witlun 4 km radius east of the 
plant s outer boundary (1 e Indiana Street) exhlbited a 
greatex than 80% probability of exceedance the mean 
global fallout plutomum However areas only 7 km east 
of the outer boundary exhibited a less than 20% proba 
bihty of exceedance the mean global fallout plutonium 
Thls uncemnty must be taken into account when at- 
temptlng to correlate the potential envlronmental and 
human health nsks from RFETS-denved plutomum on 
the Greater Denver area 

Cleanup options for envlronmental restoration 
ksk-based programmatlc prelimnary remdatlon goals 
(PPRG) were computed for radionuclides in soils in 
RFETS (DOE 1995) These PPRGs were based on both 
residentlal and cornmercidindustnal scenarios The 
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PPRG calculatlons followed U S EPA (1989 199 1) 
guidance and were supplemented with RFETS specific 
informahon O E  1995) A PPRG of 126 Bq kg-' of 
239+240pu m sod was computed to meet the stnngent 
reqmments of a residenhal scenano A map showing 
the probabhty of exceedance of the computed PPRG for 
residenhal scenano at RFETS has been produced (Fig 
9) "Ius map dehneates the areas declared potentially 
hazardous on the basis of the residenhal scenano using 
the estmate Pu"(u) > 126 Bq kg-' providing the 
probability 1 - a(u) to make a correct remediation 
decision for all locatlons (u) such that Pu" > 126 Bq 
kg-I at a gwen probability will follow 

(5) 
Under these conditlons most of the land east of the 
former storage site w i h n  the buffer zone of RFETS will 
need to be remdated to meet the residential scenano 
requnements The cleanup of such a large area 
(1 469 1 10 m2 at 80% probability) is probably unrealistic 
in terms of cost, waste generatlon and land reclamatlon 
to rmnrrmze slope erosion that must follow such a 
large-scale removal of the top soil 

1 - a(u) = Prob[Pu(u) > 1261 (41 

CONCLUSIONS 

Thls study has provided a comprehensive apprasal 
of the extent of plutomum in the soil environs This 
appmsal can serve as the basis for future human and 
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mlog~cal nsk assessment. The study promdcd the back- 
ground dormahon required for sclectmg remedtal ac- 
nons and/or eomctwe measuns for cleanup It also 
clearly deheatcd the arcas that mght be addressed for 
Natural Resource Damages The study demonstrated the 
advantage of usmg IK to model the UKXX~ZURQ in the 
spahad extent of contammints m the sol1 M V ~ I U  The 
ccdf was used to generate an Ectype estmate (mean of 
the ccdf) and jmb&&y-of-cxcdancc maps These 

rehcd on small data sets &tamed from the analyss of 
poorly spaced sod samples to formulate a conclusive 
human nsk statement These pmbabhty-of~xcecdance 

land use dccmons 

maps lllusfrate the lnadcquacy of past mvestlgatlons that 

maps may also be used to sypport clean up and film 
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Introduction 

Dunng scopmg of the Operable Unit 3 (OU 3) Work Plan, it was assumed that the 

1 ILL I I hood of metals contarmnmon in OU 3 soils resultmg from acbvihes at the Rocky Hats 

t n \  ironmental Technology Site (RFETS) was very low Wmd-borne transport of metal 

contaminants resulbng from mdustnal acbvibes at RFETS should show a lsbnct  lsmbubonal 

trend of decreasing concentrabons with mcreasing distance from the RFETS industnal area To 

inLestigate potential contarmnabon of surface sods from such wind-borne dispersal, as well as 

the potential for metals contammatron in the offsite OU 3, a stabstically based evaluabon of 

metals dismbubon in Operable Umt 2 (OU 2) surface soils was conducted Metals data for OU 2 

soils were already avalable, and the behavior of wind-borne contarmnants is such that if no 

spatial trends of metals conkmunabon were evident in OU 2 soils wind-borne contarmnabon 

from RFETS would not be possible 111 OU 3 soils Therefore the necessity of a sod sampling 

program for metals contarmnabon in OU 3 could be detemned from pattern recognibon analysis 

(Journel 1988) of metals spanal dlstnbution in OU 2 due to OU 2 s proximty to the mdustnal 

area 

The metals analyzed were specified by the Envlronmental Protection Agency (EPA) and 

Colorado Department of Public Heath and the Environment (CDPHE) The EPA (USEPA 

1994) specified sampling for arsenic and beryllium in OU 2 surficial soils Metals on the 
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CDPHE Health Advisory Panel short list of potentlal matends of c o ~ m n  have also been 

included, i e cadrmum, chromum, lead, mercury and mchl (Chemsk, 1991) 

, 

Geostatstml Analvsrs 

A total of 69 mgularly spaced locations (Figure 1) wen sampled for metals in OU 2 

The GSLIB sofrware package fa geostatistical analysis (Deut& and Journel, 1992), was used 

with its graphcal user mterfacc developed by the EG&G Rocky Flats Sod Stndy Team (EGW, 

1995a) for all adyses The commtrcid software: package SURFER0 was used far data postmg 

and contounng (Golden Sohare, Inc ,1990)  SPSS" for Wmdowsn was used for cistribubonal 

testmg (SPSS, Inc , 1993) 

Exploratory data analysis was conducted for each metal m g  thc following 

1 visual exammation of concentrauon hstogrm aad probabhty plot for each metal 

2 &smbuuonal testmg to detemne whether the sod metal conccntratm~~ adherr to a 

n o d ,  log-nod,  or nonparametric type c l~~~but~on.  The Ldiefors test (SPSS Inc , 

1993) was used on the actual conccntraaons as well as theu log-transforms T b  test is 

related to the nonparametric Kolmogorov-Srmmov test and 1s used to evaluate the 

goodness-of-fit of data to hypothesized normal or iognonnal dstnbuttons (Gdbcrt, 1987) 

3 outlier testmg accordurg to ASTM standard procedures for treatment of outlying 

observahons (ASTM 1975) 

4 cornpanson of OU 2 soils metal concentration stat~stlcs with those from the two 
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background stules Rock Creek and Background Soils Charactenzauon Project (EG&G, 

1995b) Ths  would demonstrate if OU 2 samples were in the same range as established 

background values 

The Lilhefors staushc for goodness-of-fit compares the sample distnbuuon to an 

hypothesized n o d  lstnbuuon The Lilliefors stausuc is interpreted m the same manner as the 

more common &-square test and should be close to zero 

Outlier testmg by the ASTM method employs a stausuc, Tn, defmed as 

Tn = (x, - x)/s 

where x, = suspected outher 

x = sample mean 

s = sample standard deviahon 

This statisuc is compared to cnucal values of a one-sided test where the standard deviatlon is 

calculated from the same sample 

Following exploratory data analysis a spatial analysis was conducted on the dmributlon 

of each metal in OU 2 surface soils The spatial analysis consisted of 

1 Contounng of concentrauons for each metal 

2 Vanogram analysis and variogram modeling 
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3 Cross v a h b o n  of the vanogram model 

4 Estmxmon (stochastrc mode&) of a gnd of coneentrabons for each metal to provlde 

a quanflicmon of any metals contammabon tf spaual contmwty was demonstrated 

Contouring of metal conccntmons in surface sods p v i d e s  a vsud means of obsemng 

trends that may result from a contamnat~on source Because a vm- 1s a vcctot hnmon, 

(1 e onented in a specified duect~on), t h s  vlsual e- of sods metal concentratmns may 

provlde a startxng pomt for vmogrm d y s 1 s  Maps of contoured ccmcmtmtaons for each metal 

axe ehbitexi as Figures 2 though 8 Only sample 1oCatMQs cm shown for mercury as there were 

too few samples for rehable contouring 

Vanograms provide a measure of qmt~al vmabdity of sod metal concentratrons The 

trhoonal expenmental measure of vanabihty is the scm~vanograin 

where N(h) is the number of conCentraOon paus, x, 1s the cmcentrat~on at the begmmg of the 

vector, and y is the concentntm at the endmg pomt of the vector 

Typically, in the presence of extreme concenmons or in htgbly vanable dstnbutrons, 

either a pm-wise relative vanogram or a &an mdntor vmogram wdl provide a better 

estlmator of spatial contlnuity than the trdtlonal vatlogfam (Deutsch and Jounrel, 1992) In the 
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pair-wise relahve semvanogram each pair is normalized by the squared average of the beginmng 

and ending point concentrahons 

The me&an indicator vanogram is the trdditiond semvanogram calculated on an 

indicator transform, where each concentration location is assigned a value of 0 if below the 

populahon medlan and a 1 if above or equal to the medm 

Dmchons were specified for vanogram calculatlon in 45 degree increments, s-g with 

an azimuth equal to 0 Change in spatial continuity with direchon is known as geometric 

anisotropy and may indicate a contarmnation plume if observed for elevated concentrahons A 

tolerance window is allowed in calculauon of a vanogram in a specified dmctlon because 

concentratlon locations are irregularly spaced For h s  study, a 22 5 degree window on either 

side of the onentatlon angle was allowed If a preferred orientaaon of greater conttnuity is not 

observed, the window may be increased to allow all data pomts into the vanogram calculahon, 

resulhng in an average vanogram Calculated vanogram values for all metals were tabled, 

showing the average distance at each lag interval with the corresponding vanogram value and 

number of data pars used in the vanogram calculation 

A mathemahcal model or funchon, is fitted to the expenmental vanogram Typical 

functions used for modeling of soils metal concentrahons include the sphencal, exponenhal, and 

power models These models are used for metals occurring in soils naturally as well as those 
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CIL \~ribed by a Merent model 

i t  ing from contamnabon En the c88c of contarmeatlon, an un&lymg model of the naturally 

urrrng concentrations may ba-@crm.med with an overlymg mpmt of lugher concentrafions - -  

Th~s fitted model may then be val~datcd by usmg a pomt Impg procedun Krigmg IS 

1 tk linear techque used for estlmatron of a concentrabon gnd from sample l m o n s  Point 

Lriping is the process of es-g a concenmon at each samplc locatson usmg data from 

wrrounding locations, but 

e\irmate is then compared to the actual c o n c e m o n  and an emor P 1BcBsurtd As t b ~ s  is 

performed for each sampled W o n ,  a dtstnbution of errors IS developad w k h  IS subsequently 

analyzed This dstnbubon should have a mean close to zero, wth a VIM- agpaoxUnatey 

equal to the average knging vanancc A map of sample  location^ wttb posted erzy)~s should show 

spatial randomness 

the conccnmon at the l o h o n  brig Imged. The kngcd 

In th~s study, after the vanogram model was valrdat6d, hear Lngurg was used to emmate 

a grid of metal concentrabon throughout the OU 2 area A gnd spacing of 60 96 by 60 96 m 

(200 by 200 fi) was used TBts gnd was then contoured and exarmned for treads 

Obiectwe 

The objectwe of the s9mphg program and subsequent data analysls was to dctermne the 

absence or presence of spat& trends in metal umcentrabons m the surficsal sods of OU 2 If 

metal concentrabons in OU 2 soils were elevated above background values and if they exhrbited 
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J. spatial trend, (I e clearly recognized plume) OU 2 soils would be considered to exhibit metals 

contamnation via wind transport and dispersal and the sampling of soils for metals analysis 

would be required in OU 3 Alternatively if all metals in OU 2 were detemned to correspond 

to background values or if metal concentrations appeared to result from localized incidents of 

contammahon, then a wind-transport mechanism could be ruled out, and the samplmg of OU 3 

surficial soils for metals analysis would not be necessary 

METHODS 

Field Samding Techmaues 

OU 2 soil samples were collected using the Rocky Flats samplmg protocol Using ths 

method soil samples were obtined by driving a 10 cm by 10 cm cutbng tool 5 cm deep into 

undisturbed soil The soil sample withm the tool cavity was collected and placed into a new, 

one-gallon stamless steel can Five sub-samples were collected from the comers and the center 

of two one-meter squares, which were spaced one meter apart m the rmddle of each sampling 

plot The 10 subsamples were composited into one 5000 cm3 sample for metals analysis The 

composite sample was then split, one-half whch was used for metals analysis the other for 

I plutonium analysis 

, Soil Samdine Design 
I 
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The samphng protocol for thrs study followed that described fix the study of h-239+240 

in soils (Litaor, 1995) A total of 47 regular plot locabons w e e  sampled accodmg to the 

dewxibed protocol The sample design also allowed €or an ackhonal22 locatmns to be sampled 

where different sod types would be represented Ths was done 111 the event that analysis by sod 

type may become pertmnt to the detectton and transport ofpotentmi metals contammaon 

Hence, the on@ denslty of samphng for Pu-239+240 was lrrodrfied to mchxie most of the soil 

types in the ateabetween thedust-nal eoncaadIndiaaaStmt, aed t o ~ t b c r c d u n d a n c y  

of sampling plots (EGkG, 1991) 

Laboratorv Analms 

Metals analyss of all OU 2 sod samples was done accodmg to the USEPA Contract 

Laboratory Progmm, Statement of Work for Inorgamcs Anaiys~, M u l b - u u l o -  

Concentratton %s IS document number ILM02 0 

DATA OUALITY 

Ouahtv Control Sam&s 

Equipment msate blanks were collected to cyuamfy possible crosscontarmn~on, w h h  

could result from insufficient deconmnmmon pramccs between samples The blanks were 

collected by msing decontarmnated samplmg equipment with deiomed water piacing the 

nnsate in the appmpnate conmers, and preserving as n q u d  The data for equipment wte 

blanks indicate that the sampling practices &d not produce a sigdkant source of cross- 
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contarmnatlon between samples (Table 1) However, none of the data for mercury in the nnsate 

sample were validated and are not presented in this report 

Field Dudmates 

Duplicate sod samples were collected systematlcally for the surficial sod samphng 

program (Table 2) The data from duplicate samples provide a measure of the sampling 

precision and sample homogeneity Precision was quanbfied by calculmng the relawe percent 

difference (RPD) The RPD expressed as a percentage, is the quotlent of the hfference between 

duphcate analyt~cal results and the average of those results A control h t  of *35 percent for 

the RPD in duplicate analysis was recommended by the laboratory data validaoon guidehe 

drafted by the EPA (USEPA, 1988) There are no established cntena detemmng the overall 

precision of soil samplmg and laboratory analysis The lughest metal concentrahon for each 

duphcate sample par was used in the data analysis, so the most consematwe estlmate of each 

metal distnbution was aclueved 

Below-Detection-Limit Data 

For purposes of construcmg cumulative distnbutlon functlons for each metal, actual analyt~cal 

results were used as opposed to an art~ficial truncatlon or value assignment below the detection 

lirmt It is recognlzed that these low values result in lugher precision errors than values above 

the detectlon limts but they provide for a more natural-loolung distnbuhon (1 e normal or 

lognormal without a low end spike) of values and allow for somewhat more strsught-forward 

treatment dunng exploratory data analysis 
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RESULTS AND DISCU SSION 

The concentnibons and spahal distnhuiions of arscmc, berylhum, cadm~um, chromum, 

lead, mercury, and mckel concentrahons In soils of OU 2 am dsplaycd m Figures 2 through 8 

and are dwussed m the followmg text Result\ are summanzed m Table 3 

Arsenrc 

The histogram and cumuhve  probability plot (Figums 9 and 10) of atsemc values 

suggest a drstnbutron tendmg toward normal This vsual assessment ~8 suppoited by the 

Lilliefors test for normality (w=O 077 1, p>o 2) The sample mean IS 4 05 mg kg with a standard 

deviahon of 1 32 mg kg resultmg m a coefficient of vanatton of 0 33 The mlnrmum and 

-um values are 0 71 and 7 40 mg kg ' respcct~vdy 

Ars~mc concentrahons 111 soils of OU 2 are below thost reported for sod samples 

collected from the Rock Crezk dratnage area. The Rock Creek mean co- is 5 82 mg 

kg with a maxlmum value of 8 50 mg kg ' AU memc concentnibom measured m soil samples 

from OU 2 are below the Upper Tolerance h t  (UTL) of 12 86 mg kg ', wluch was calculated 

usmg Rock Creek data Comparison with the Background Sods Cham3amUon Project (BSCP) 

(in progress) yields s d a r  results, a l l  OU 2 concent.ratmns are below the BSCP UTL of 13 75 

mg kg I The mean of arsenic concentrahons in the sods of OU 2 IS lower than the BSCP mean 

of 6 09 mg kg ' The OU 2 mean for arsemc concentrabons in sods is also below the geometnc 
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~mputed by the United States Geological Survey (USGS) (Severson and Tourtelot, 1994) 

Arsenic concentrations reported for the OU 2 samples were contoured and did not show 

an\ Jpparent trends The spahal conhnuity of arsemc 111 the sods of OU 2 was exarmned using 

trdirional par-wise relahve and medlan indicator vanograms No spabal continuity was 

ohumed Vanogram values are shown in Table 4 

The absence of spahal conbnuity precluded the need for cross vahdabon and knging for 

plume definihon Ths lack of spahal contmuity, coupled with the demonstrahon that all arsenic 

concentrations in the soils of OU 2 fall w i t h  background ranges, mdicates a lack of arsenic 

0 contamnation within the surface soils of OU 2 

Beryllium 

Visual inspection of the hlstogram of the beryllium concentrahons in the soils of OU 2 

and of the cumulauve probability plot (Figures 1 1  and 12) suggests a hstnbuhon tending toward 

normal This is confirmed by a Lilliefors stahstic w=O 0668, p>o 2 

Surface soils in OU 2 have a mean berylhum concentrahon of 0 68 mg kg ' with a 

standard deviation of 0 2 1 mg kg I and a coefficient of vanabon of 0 3 1 One extreme value of 

1 50 mg kg I was determned as an outlier at the upper 0 5% significance level using ASTM 

procedures (ASTM 1975) a 
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The berylhum concentrahons in OU 2 surface sods are slmtlat to those for Rock Creek 

soil samples The Rock Creek background data mean concentwon IS also 0 68 mg kg , with a 

maximum umecntratmn of 0 % mg kg ' All OU 2 conccntmt~ons, mth the exctptton of the 

outlier, are below the Rock Creek UTL value of 1 14 mg kg I The BSCP results show a d a r  

meanofO66mgkg'andaUTLof 125mgkg' Thel5Omgkg' maxunumValuemtheOU2 

data set appears to be an mlated occurrence, surroundrng sample -trams am much lower 

Thls lugh value is not withm the boundanes or vicinity of any OU 2 Indrvldual Hazardous 

Substance Sites (IHSS) The USGS geomemc mean fw kyHium mcexttrt&ons m h n t  Range 

soils is 1 20 mg kg ' 

Prior to vanogram calculahons, beryllium c o ~ ~ o n s  wtlt ctmtmmd to vmally 

d e t e m e  if trends exlsted in the data No apparent trends were observed Tnuhbonal and 

me&m in&cator vanograms were computed, the tradit~od vatrogrsrm shows no spat~al 

conbnuity whereas the &an mdmtor vmogram (Table 5) &b spat~al Conmwty, with a 

range out to 610 meters (Figure 13) 

A cross validaoon procedure using point hgmg mdlcated that the mtdran m&cator 

vanogram would produce sahsfactory results when used for m a g  ofberylhum 

concentraoons Cross validatlon sta~sttcs showed a mcan m r  of 0 01 1 mg kg I , with a vmance 

of errors equal to 0392 (mg kg I)' Exanmahon of an emr map md&cated no spatial has 
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A gnd covering OU 2 has been estimated using h e a r  knging Contounng of these 

rewlts (Figure 14) showed no preferred dlrecbon of beryllium concentrabon in soils Because all 

concentrahons are withm the range of background values, the spahal contlnuity can be attnbuted 

to the natural conhnuity of berylhum concentrahons in soils If metal concentrabons were above 

background concentrahons and had exhbited a trend, a plume would be evident 

Cadmium 

The hstogram and probability plot (Figures 15 and 16) of cadmum concentratlons in the 

soils of OU 2 suggest mulbple populations These populatlons appear to be spahally mtemuxed 

overall with a localized zone of +O 95 mg kg I concentrabons on the east side of the sampled 

area The sample mean is 0 78 mg kg ' with a standard deviabon of 0 22 mg kg resulbng m a 

coefficient of variation of 0 28 the mnunum concentration is 0 44 mg kg and the maxlmum is 

1 l omgkg '  

These cadrmum concentrations are simlar to those for the Rock Creek and BSCP data 

sets The Rock Creek mean is 0 73 mg kg I with a m m u m  of 1 80 mg kg I ,  the BSCP mean is 

0 7 1 mg kg All concentrabons rn the soils of OU 2 are below 

the Rock Creek UTL of 2 45 mg kg and the BSCP UTL of 2 34 mg kg ' The USGS geometnc 

mean for cadrmum in Front Range soils was not available 

with a maximum of 2 3 mg kg 
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Cadrmwn c o m n ~ o n s  m OU 2 surface sods were contoad and chd not show apparent 

trends Tdhonal  sermvanograms (Table 6) as well as medm m&ator vanograms werealso 

computed and chd not show SpatIakmnhnulty Lack of cadrmum contammatrM1 m OU 2 sods IS 

indxated by a lack of spatd contmuity and by all coIIccntEBbon values f&g w i h  the 

background range 

Chromium 

The h~stogam and probdnhty plot ~igures 17 and 18) ofchrormum contxsrzhons in 

sods of OU 2 suggest a chstnbuhon tmdmg toward normal This IS OQIlfirmCd by the Lihefors 

statistic, w=o o9oQ,p>o 2 

The sample mean IS 10 29 mg kg ' mth a standard de~rat~on of3 43 mg Icg'rtsuItmg rn a 

coefficient of vanaoon of o 33 w he mmmm rnccntnacm value IS 2 60 mg kg ' and the 

maxlmum value is 19 90 mg kg ' 

These chrormum concentratlonsare below those reported for tfie Rock C d c  samples 

The Rock Creek mean is 15 03 mg kg ' with a rnaxmum concentr&m of 20 20 mg kg ' All 
chromum concentrahons in OU 2 sods are below the Rock Creek tiTL of 24 85 OU 2 

concentranons are also below the BSCP values, where the mean is 1 1 29 mg kg ' and the UTL is 

22 21 mg kg ' The geometric mean &termmed by the USGS for chromum 111 surface soils 

along the Front Range Urban Corndor is 3 1 0 mg kg ' 

14 



Contoured chromum concentration4 in  OLT 2 soils I d  not show any apparent trends 

Tradihonal and median indicator (Table 7) vmograms were calculated and I d  not show spahal 

continuity Lack of chromum contammation in OU 2 sods is mhcated by a lack of spahal 

continuity and by all concentrahon values falling witlun background ranges 

- Lead 

The hstogram and probability plot (Figures 19 and 20) for lead in the OU 2 soils samples 

indicate a tendency toward a normal distnbutron with two hgh concentrahons of 98 3 and 145 

mg kg I These two data points are considerably hlgher than the remamder of the Istnbution 

Testing of these two values according to ASTM procedures demonstrates them to be staustical 

outliers The 98 3 mg kg is an outlier at the upper 10 0% sipficance level, whereas the 145 

mg kg concentration is an outlier at the upper 0 1% significance level Removal of these 

outliers results in a Lilliefors staustic for normality, w=O 0 7 7 1 , ~ s  2 

' 
The OU 2 sample mean of all lead concentrauons is 38 03 mg kg ' with a standard 

deviation of 19 67 mg kg 

concentration is 15 40 mg kg ' These stahshcs were also computed after removing the two 

outlier concentrations resulting in a mean of 35 53 mg kg ' and a standard deviation of 13 03 mg 

resulting in a coefficient of vanahon of 0 52 The mmmum 

kg ' 
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If the two outhers are rncluded in stat~strcal dculatmns, the mcan of all lead 

L t tnccntrauons in soils of OU 2 is somewhat hlgher than the Rock Creek mean, if the outliers are 

t lL luded, the re-computed mean is lower than the Rack Creek mean The Rock Creek mean is 

1- 50 mg kg ' , with a -urn value of 51 00 mg kg ' Three OU 2 concatr8t10ns exceed the 

KtrLCreekUTLof602 Theseare639,983,and1450mgkg1 TheBSCP meanis336mg 

L L Therefore, only twu, OU 2 cunccnmons ~IL scnls are above the 

BSCP UTL The USGS geometrtc mcsul of lead in Front Range so& IS 35 0 mg kg I 

u ith a UTL of 73 9 mg kg 

The 63 9 and 98 3 mg kg ' concentrations occufrn the mcmty of roads A-le 

explanation of elevated concentranons of lead around roads I contimnnauon from leaded 

gasoline (Chemnsk, 1992) The 145 0 mg kg I concentratton appears to be an solated outher, 

surrounded by samples of much lower coneentiahon However, all of these concentratrons fat1 

within the range observed by the USGS for soils along the Front Range 

Contoured concentranons of lead show l o c ~  M)4th-south trends witttln an overall 

isotropic background Local "bulls-cyes" of the hgh conccnmons are emdent. T m b o n a l  

covmance, and pau-wise relatme vanograms were computed and mdmtc the same trends The 

north-south dlrectlon (Table 8 and Figure 21) shows a vanogram range of 550 meters, whereas in 

the east-west (Table 9 and Figure 22) dmcnon, the range IS 395 meters Thc two outliers were 

removed pnor to vanogram analysis 
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Cross validation results indicate that the fitted vanogram model should provide a 

satisfactory estimate of gndded lead concentrations Validation statisbcs indicate a mean e m r  of 

0 57 mg kg I with a variance of errors of 14 1 70 (mg kg 

distributed around the mean 

* 
The errors appear normally 

Contouring of knged gnd points (Figure 23) suggests a mostly random pattern with some 

localized trending in the north-south direction This trendmg is apparent after the removal of 

outliers and is apparently charactenshc of background lead concentrabons in OU 2 soils 

Mercurv 

Only 17 validated results were avadable for mercury analysis 111 the OU 2 soils sampling 

program The mean mercury concentration is 0 06 mg kg I with a standard deviabon of 0 02 mg 

kg ' (Figures 24 and 25) One extreme value of 0 15 mg kg ' was detemned as an outlier at the 

upper 0 1 % significance level using ASTM procedures 

Rock Creek statistics could not be computed because of the large number of non-detects 

for mercury Companson to BSCP values shows that the OU 2 mean concentrabon in soils is 

lower than the background mean of 0 07 mg kg ' All OU 2 concentrabons in soil, including the 

outlier are below the BSCP UTL of 0 19 mg kg ' 

17 



Contomg of mercury conccntn&ons in OU 2 sods does not show any apparent trends 

Traditional (Table 10) and me&aii %&cator vanograms also do not show spatlal conttnuity 

However this could be a result of the small number of samples avahblc for analysis 

The hls€ogram and pmbabd~ty plots (1Figuns 26 and 27) suggest that mckd 

concentranons m sods of OU 2 follow a lopxmal dmriit~on Thrs LS Sonfvmed by a Ldhefors 

test, w=O 1027,p=O 0683 The concenmon mean IS 1221 mg kg ' wtb a standard d e m o n  of 

5 04 mg kg resultmg UI a coefficient of vmabon of 0 41 Tht mlnlmum concentration is 6 40 

mg kg and the maxlmum IS 45 20 mg kg ' The ASTMpccdm for outher testrng m&cates 

that h s  maximum value IS a stat~~t~cal outher, tw~ce &e d u e  of the sexand h g k t  

cancentrabon 

The mean concentrabon of n~ckel m sods of OU 2 is shghtly kss than the mean of the 

Rock Creek background (12 58 mg kg )and &ghtly nmrc than the BSCP mean concenmon of 

9 63 mg kg ' Only the outher falls above the Rock Creek UTL, whife three OU 2 concentrabons 

are above the BSCP UTL The three highest conccntrahons OCCUT m the same locale, on the 

southeastern side of the sampled area The concentmbons arc not m the vicimty of an MSS and 

the reason for elevated concentranons with nspect to background and the rcmamder of the OU 2 

18 
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@ concentration distnbuuon is unknown The USGS geometnc mean for mckel concentrahons in 

soils along the Front Range is 6 8 mg kg ' with concentrations from 5 to 70 mg kg ' observed 

Contoured nickel concentrahons do not show any apparent spahal trends Tradiuonal and 

median indicator vanograms indlcate no spatial conhnuity The values for the average tradihonal 

semvanogram are shown in Table 11 

The lack of spahal conunuity of mckel concentrahons withm soils of OU 2 indicates lack 

of a wide-spread contarmnabon plume Three elevated concentrahons located in the southeastern 

portion of the sampled area may be naturally hgh concentrahons in sods, but h s  is 

unconfirmed 

ConcludinP: Remark 

None of the metals analyzed in samples of OU 2 surface sod show evidence of =borne 

contarmnation, whch would warrant samphng of surficial soils in OU 3 for metals analysis All 

spatial conunuity occurs in the background range of values, indcaung lack of a metals 

contammahon plume Lead and nickel concentrahons each have one value above the Rock 

Creek background UTL Three of the nickel concentrauons are above the BSCP UTL Two of 

the three elevated concentrauons for lead appear to be related to roadways and occur as isolated 

samples surrounded by samples of much lower concentrauon The thud elevated concentrauon 

for lead is also isolated but has no apparent cause The three hghest mckel concentrahons occur 

in the same locale with no obvious reason for these elevated values Ths lack of elevated 

19 



HI. FERENCES 

I\TV Designanon E178-75 1975 "Standard Recommended Prachce for Deahg with 
( )u I I \ i ng Observahons It 

( tic mrisk 1991 Task2 Report - Selechon of Chemcals and Wo-nuchdes of Concern Work 
pc rtormed for Colorado Department of Health and the Envmnment, Denver, TA-723 

Chemrisk 1992 Project Tasks 3&4 (Fmal Draft Report) - Reconstruchon of €hstoncal Rocky 
Operanons & Idenhficmon of Release Points Work perfomd for Colorado Department 

of Health and the Envlronment, Denver 

Dcursch C V and A G Journel 1992 GSLIB-Geostahsncal Software Library and User's 
Guide Oxford Umversity Press, New York, 34Op 

EG&G 1991 Techcal  Memorandum 1, Final Phase II RFI/Fi Work Plan (Alluvial) (Operable 
Unit No 2), Rocky Flats Plant P 0 Box 464 Golden, Colorado 80402-0464 

EG&G 1995 GSLIB Geostansncal Software Library, Menu Interface User's Guide (m 
progress), Rocky Flats Environmental Technology Site P 0 Box 464, Golden, Colorado 80402- 
0464 

EG&G 1995 Background Soils Charactenzanon Report (m progress), Rocky Flats 
Environmental Technology Site P 0 Box 464, Golden, Colorado 80402-0464 

Gilbert R 0 , 1987 Stahshcal Methods for Envlronmental Polluhon Momtonng Van Nostrand 
Reinhold New York p158 

Golden Software Inc 1990 SURFER@, Version 4, Reference Manual, Golden, Colorado 

Litaor, M Z et al, 1995 Comprehensive Appmsal of Plutomum-239+240 in Soils of Operable 
Units 1 2 & 3 A Basis For k s k  Analysis (work 111 review) 

Journel A G , 1988 Nonparametnc Geostahshcs for k s k  and Addhonal Sampling Assessment, 
in Princides of Envlronmen td S W D  -ling L H  Keith ed AmencanChemcalSociety 
Washington, D C pp 45-72 

Severson, R C and Tourtelot H A 1994 Assessment of Geochemcal Vanability and a Listing 
of Geochemcal Data for Surface Sods of the Front Range Urban Corndor, Colorado Umted 
States Geological Survey Open-File Report 94-648, Denver, p52 

SPSS Inc 
828p 

1993 SPSS" for Windows" Base System User's Guide, Release 6 0, Chcago, 



USEPA , 7 ,  Contract Laboratory Program Statement of Work for Inorgmcs Analysis, Mulh- 
Media MuIn-Concentrahon, Document Number ILMm 0 

USEPA, 1989 b k  assessment guidance for Superfund Volume 1 - Human health evaluatron 
manual (Part A) Office of emergency and remedial response, Washington DC, E P A / W I -  
891002 

USEPA, 1994, Comments of Techtllcal Memo Four 



e 

Arsenic Soil Samples 

Number of Data 69 
0 24 

0 16 

0 08 

0 00 

As 

Mean 
Std Dev 
Coe f of Var 
Maximum 

Lower Quartile 
M m m u m  
Skewness 

gyanQuartlle 

Kur tosis 

4 048 
1 322 
327 

7 400 
4 800 
4 000 
3 175 
710 
342 

2 972 



8 0 1  

6 0  

4 0 -  

+ 
2 0  1 

I 

++ 

t 

0. 

Nuluber of Data 

3 D e v  
Coef of var 

L p r  Quartile mmarm 
Skewness 
Kurtosis 

1 10 30 50 70 90 99 

Figure 10 

. 1 .  
~ -. 



Berylliw Soli Samples 

0 20- 

0 16- 

)I 
u 
c 
(u 
3 

k 
tk 

(u 

L) 
a! 
-I 

p: 

: 0 12-- 

5 

(u 0 06” 

0 00 
0 0  

Number of Data 69 
Mean 
Std Dev 
Coe f of Var 
Maxlrmun UprperQuar t ile 
Lower Quartile 
hnumun 
Skewness 
Kurtosis 

Be 

Figure 11 



Q) m 

1 6  

1 2  

8 

4 

0 

Beryllium Soil Saaples 

1 10 30 50 70 90 99 

Cumulative Probability 

I 
Number of Data 
Hean 
Std. Deg 
Coef afvar 
l!hxm!m 

SkeWleSS 
Kurtosis 

69 
680 
211 
311 

1500 
810 
690 
545 
230 

1135 
1 397 

Figure 12 



Indicator Variogram at Cutoff 
Be 

A= 2000 0000 CO= 2100 C= 6500E-01 

I o f L a s  
unit sep %is 
Lag Tolerance 

690 Bandwidth 
# of Data 

0 

0 

0 

20 000 
1000 000 
500 000 

15000 000 
69 

0 00 ' I I I I 1 1 1 1 

0 4000 8000 12000 16000 

Distance 

Figure 13 

I 



0 30- 

0 20- 

0 10- 

0 00- 

cachrslua Soil Samples 

r 

0 0 0 0 0 0 0 0 0 0  

Cd 

limber of Data 69 
Mean 
Std Dev 
Coe f of Uar 
iIaxlxm 

Kurtosis 

L 
1 1 1 1  

Figure 15 



1 2  

1 0  

8 

6 

4 

Cadnuum Soil Samples 

69 

1 10 30 50 70  90 99 

C m d a  tive Probability 

Number of Data 
Mean 
Std Dev 
Coef of Var 
MaXlrmUn 
Ugeran@ar t ile 
Lower Quartile 
h n m  
Skewness 
Kurtosis 

Flgure 16 



0 16 

I 

0 12 - 

0 08 

0 04 

0 00 
4 16 

Number of Data 69 

-1 
20 

Figure 17 



20 0 

16 0 

12 0 

8 0  

4 0  

0 

t 

Chromum Soil Samples 

+** 
L 

1 10 30 50 70 90 99 

Cumulative Probability 

Number of Data 
Mean 
Std Dev 
Coef of Var 
Maxm 

Lower Quartile 
hnmm 
Skewness 
Kurtosis 

g r m w r t 1 1 e  

69 
10 293 
3 434 
334 

19 900 
12 850 
9 900 
7 850 
2 600 
786 

3 275 

F i g u r e  18 



Lead Soil Samples 

3 . 
I 
i 

I l l  
I l l  

0 24- 

- 
I 

0 16- 

0 08' 

0 00' 

Pb 



f 

160 0 

120 0 

80 0 

40 0 

0 

Lead Soil Samples 

1 10 30 50 70 90 99 

Cumulative Pr obabi 11 ty 

Number of Data 69 
38 030 
19 669 

517 
145 000 
45 550 
37 200 
24 300 
15 400 
2 652 
14 341 

Figure 20 



200 

160 

120 

40 

A= 1800 00 co= 37 ooo (1= 137 aooooooooooo 
Lag Tolerance 

I o f k s  10 000 
500 000 
250 000 

unlt scp?hs 

0 

i 
I 

2000 

0 

45 000 
1000 000 

0 
0 1000 

Distance 

3000 4000 

Figure 21 

e 



200 

160 

120 

k : 

4 0  

0 

___ 

J- 13c3 00 co= 

Senuvariogrr 
Pb 

0 

0 

000000000000 
10 000 
500 000 
250 000 
90 000 
45 000 

1000 000 

1 

0 1000 2000 3000 4000 

Dis taice 

Figure  22 

L 



Mercury Soil Samples 

I I I I I I  I {  
I I 1 1 1 1 1 1 1  

m 
QI 
0 
E 
0 
k 
k z 
8 
OI 
0 

# 

It 

12 

8' 

4- 

Number of Data 17 

ldeaD 
Std Dev 
coe f of var 

Kurtosis 

0 01 0 03 0 05 
0 00 0 02 0 04 0 06 0 08 0 10 0 12 0 14 0 16 

Hg 



Mercury Soil Samples 

D 
X 

160 

120 

080 

040 
1 10 30 50 70 90 99 

Cumulative Probability 

Figure 25 

Number of Data 
Mean 
Std Dev 
Coef of Var 
Maxrmum 

Lower Quartile 
h n m  
Skewness 
Kurtosis 

gE&martlle 

17 
064 
022 
345 
150 
060 
060 
060 
050 

1 270 
1 999 



0 40- 

0 30' 

0 20- 

0 10' 

Hickel Soil Samples 

lQd.Jer of Data 69 
&!an 
std Dev 
-El@ f of var 

Lpwer Quartile 
l4lnulm 

0 00- 
0 10 20 30 40 50 

Ni 

Figure 26 

a 

a 



50 0 

t - 

.t 
I 

40 0 

30 0 

20 0 

10 0 

0 

Nickel Soil Samples 

1 10 30 50 70 90 99 

Cumulative Probability 

Number of Data 69 

Skewness 
Kurtosis 

Figure 27 



Table 1 Metal Concentration in Rinsate Samples 

Metal 
Arsenic 
Arsenic 
Arsenic 
Arsenic 

Beryllium 
Beryllium 
Beryllium 
Beryllium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Chromium 
Chrormum 
Chromium 
Chromium 

Lead 
Lead 
Lead 
Lead 

Mercury 
Mercury 
Mercury 
Mercury 
Nickel 
Nickel 
Nickel 
Nickel 

Locabon 
089 

099A 
104 

106A 
089 

099A 
104 

106A 
089 

099A 
104 

106A 
089 

099A 
104 
106A 
089 

099A 
104 

106A 
089 

099A 
089 

099A 
089 

099A 
104 

106A 

North 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
750648 
749688 
746029 
744997 
746029 
744997 
746029 
744997 
750648 
749688 

East 
2089765 
2090425 
2091745 
2091745 
2089765 
2090425 
2091745 
2091745 
2089765 
2090425 
2091745 
2091745 
2089765 
2090425 
2091745 
2091 745 
2089765 
2090425 
2091745 
2091 745 
2089765 
2090425 
2089765 
2090425 
2089765 
2090425 
2091745 
2091745 

Qc 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 
RNS 

Result Ug/l Detbcbon Llmits Ug/l Validabon 
1 10 V 
1 10 V 
1 10 V 
1 10 V 
1 5 V 
1 5 V 
1 5 V 
1 5 V 
2 5 V 
2 5 V 
2 5 V 
2 5 V 
2 10 V 
2 10 V 
2 10 V 
2 10 V 
1 3 V 
1 3 V 
1 3 V 
1 3 V 
2 2 R 
2 2 R 
2 2 R 
2 2 R 
5 40 V 
5 40 V 
5 40 V 
5 40 V 



Table 2 Metal Duplicate Samples and Their Relative Percent Differences 

Locatkn 
055A 
055A 
05B 
058 
072 
072 
089 
089 
096 

096 

0996 

099B 

104 
104 

10dA 
1WA 
055A 
055A 
058 
058 
072 
072 

073A 
073A 
m9 
009 
O M  
096 
aggB 

OggB 

104 
104 

106A 
106A 
055A 
055A 
058 
058 

072 
072 

07% 
073A 
009 
089 
096 

096 
099B 

0996 
104 
104 

106A 
106A 
055A 
055A 
058 

058 

072 
072 

Nml 

7- 
749000 
746RaQ 
7- 
74a668 
749858 
7- 
746049 
7 a % M  
74661E9 
744987 
744987 
7s0646 
7siM48 
74mtM 
74aw8 
749000 
7- 
746669 
7466w 
7- 
748658 
7490!% 
749858 
746029 
746029 
748689 
746669 
744887 
7 u m 7  
7- 
750648 
74961)o 

749688 
749000 
749000 
746689 
746689 
749656 
749656 
74- 
746)858 
746029 
716029 
748689 
746889 
744987 
744987 
750648 
750648 
749888 
749m 
749000 
749000 
748689 
746609 
749650 
749658 

W a c  
2087126 REAL 
2087126 WP 
2087126 REK 
2087126 DUP 
2088116 REM 
2088118 WP 
#Y107Bg REAL 
zmQ765wIp 

-DuP 
-REAL 
2OBMxiDuP 
2091746 REAL 
2091745 DUP 
2091746 RUL 
2091746 DUP 
-148 REAL 
2w7m wp 
-116 REAL 
zoo7128 D w  
2088116 REAL 
2omlM DUP 
2068116 REM 
20118116 DUP 
208s76SRuL 
2m9765wP 
2osQasRuL 
2om42soue 
zom425REAL 
aom42!5wP 
2091745 REAL 
2091745 Dup 

2091745 REAL 
2091745 DUP 
2087126 RUL 
2087126 DUP 
2087128 REAL 
20117126 WP 
2088116 REAL 
2066116 DUP 
2088116 REM 
2066116 DUP 
2084785 REAL 
-765 DUP 
-REAL 
2090425DUP 
2QwM25REAL 
m w p  
2091745 REAL 
209176 MIP 
2081745 REAL 
2091745 D W  
2067126 REAL 
2087126 DUP 
2087126 REM 
2087126 DUP 
2088116 REAL 
2088116 WP 

Result 
W s  

32 
46 
47 
44 
55 
58 
4 1  

39  
25 
23 
4 
4 

31  
27 
5.3 
4 8  
74 
74 
64 
05 
.sa 
68 
69 
1 
7 
.8 
s3 
42 
67 
79 
61 
.56 
de 
51 
a4 
95 
97 
99 
48 
.s4 
47 
2 
48 
62 
.!s 
.a6 
44 
45 
46 
48 
51 
69 
7 7  
6 3  
9 9  
77  
11 9 
11 

RPD % 
359 

0 6  

53 

5 

14 8 

0 

13 8 

99 

0 

16 

a 4  

367 

133 

233 

as 

86  

14 e 

11 

2 

11.8 

123 9 

254 

11 

2 2  

4 3  

90 

20 

25 

79  

Dstmdbn 
LinlltB 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 

V&id@&fl 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
JA 
JA 
V 
V 
V 
V 
V 
V 
JA 
JA 
JA 
JA 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
v 
V 
JA 
JA 

12 
12 
12 
12 

7 
7 
7 
7 

7 
7 

11 
11 

s2 
62 
62 
52 

52 
62 
52 
52 

52 
52 
52 
52 



Table 2 Metal Duplicate Samples and Their Relative Percent Differences 

ChroIniUm 
Chromium 
ChrOmiUm 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
CadmlUm 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 

Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 
Lead 

Mercury 
Mercury 
MeEUry 

W ~ r y  
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Ntckel 
Nickel 

073A 
073A 
089 
089 
096 
096 

0998 

0998 
104 
104 
106A 
106A 
055A 
055A 
058 
058 
072 
072 

073A 
073A 
089 
089 
096 

096 

0998 
099B 
104 
104 

106A 
106A 
055A 
055A 
058 
058 
072 
072 

073A 
073A 
089 
089 
096 

096 

099B 
099B 
104 
104 

106A 
106A 
055A 
055A 
058 
058 

055A 
055A 
058 
058 
072 
072 

073A 
073A 

749856 
749856 
746029 
746029 
746689 
746609 
744987 
744987 
750648 
750648 
749688 
749688 
749000 
749000 
746609 
746689 
749658 
7449658 
749856 
749856 
746029 
7-29 
748689 
746689 
744987 
744987 
750648 
750648 
749688 
749688 
749000 
749000 
746689 
746689 
749658 
749658 
749856 
749856 
746029 
746029 
746689 
746689 
744987 
744987 
750648 
750648 
749688 
749688 
749000 
749000 
746689 
746689 
749000 
749000 
746689 
746689 
749658 
749658 
749856 
749856 

2088116 
2088116 
2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2091745 
2091745 
2091745 
2091745 
2087126 
2087126 
2087126 
2087126 
2088116 
2088116 
2088116 
2088116 
2089785 
2089765 
2090425 
2090425 
2090425 
2090425 
2091745 
2091745 
2091 745 
2091745 
2087126 
2087126 
2087126 
2087126 
2088116 
2088116 
2088116 
20881 16 
2089765 
2089765 
2090425 
2090425 
2090425 
2090425 
2091745 
2091745 
2091 745 
2091745 
2087126 
2087126 
2087126 
2087126 
2087126 
2087126 
2087126 
2087126 
2088116 
2088116 
2088116 
2088116 

REAL 
DUP 
REAL 
DUP 
REM 
DUP 
REAL 
DUP 

REM 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REM 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 

REAL 
DUP 
R E M  
DUP 

REAL 
DUP 

REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REM 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 
REAL 
DUP 

REAL 
DUP 
REAL 
DUP 

REAL 
DUP 
REAL 
DlJP 

13 3 
2 

11 6 
12 1 

6 
3 2 1  
14 1 

11 9 
12 8 

11 5 
13 3 
10 3 
45 7 
46 7 
583 
55 1 

46 9 
37 5 
42 5 

1 
44 

41 8 
255 
294 
18 6 
17 5 
326 
357 
49 4 
46 5 
45 7 
46 7 
583 
55 1 

46 9 
37 5 
42 5 

1 
44 

41 8 

25 5 
294 
18 6 
17 5 
326 
357 
49 4 
465 

06 
06 
06 
06 
94 
9 

93  
9 4  
8 9  
11 

12 3 
5 

147 7 

4 2  

1 37 

16 9 

10 7 

254 

2 2  

5 6  

223 

190 8 

5 1  

142 

6 1  

9 1  

6 

2 2  

5 6  

223 

190 8 

5 1  

14 2 

6 1  

9 1  

6 

0 

0 

44 

1 1  

21 1 

844 

2 
16 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
6 
6 
6 
3 
6 
6 
1 
1 
6 
6 
6 
6 
6 
6 
1 
1 
1 

1 
6 
6 
6 
3 
6 
6 
1 
1 
6 
6 
6 
6 
6 
6 

V 
V 
JA 11 
JA 11 
V 
V 
V 
V 

JA 11 
JA 11 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
1 JA 1 
1 JA 1 
1 JA 1 
1 JA 1 
8 V  
8 V  
8 V 
8 V  
8 V  
8 V  
8 V  
4 o v  

' 1 9 5 2  
7 9 5 2  
7 9 6 2  
7 9 5 2  

52 

79 52 
7 9 5 2  
7 9 5 2  
7 9 5 2  

52 

52 
52 
52 
52 
52 
52 
52 
52 
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Table 3 Summary of Metals Statistics 

Metal I (mgkg) 
Arsenic 405 

Cadmium, 078 
Beryllium 068 

I i Mean I Std Dev i Lilliefors Test I Maximum 1 Rock Creek I BSCP I 
(mg/kg) I Statistic I (mg/kg) UTL UTL 

132 I 00771 i 7 4  12 86 13 75 
021 1 0 668 I 1 5  114 1 25 
022 I not relevant I 1 1 2 45 234 

Chromium1 10 29 343 ' 00904 19 9 24 85 22 21 
Lead I 3803 19 67 0 0771 145 60 2 73 9 

Mercury I 006 0 02 not available 0 15 not available 0 19 
Nickel I 1221 5 04 0 1027 45 2 26 8 19 74 

I 



Dlstrrece 

71 5 

G-(h) Tdrs 

18640 30 

982.6 

1475 9 

2013 2 

2552 8 

2959 0 

3471 5 

40094 

~ 

14864 192 
I7731 294 

18610 318 

18897 402 

2 2267 3 14 

15678 382 

16610 394 



TABLE 5 
MEDIAN INDICATOR VALUES 

AVERAGE BERYLLIUM VARIOGRAM 
Distance 

262 1 

Gamma0 pairs 
0 2195 82 

1103 3 0 2679 448 

2046 1 0 2732 560 

2955 9 0 2448 768 

3977 9 0 2436 698 

5005 6 0 2536 824 

5951 8 0 2601 596 

6968 0 0 2390 364 

7896 8 I02290 1 214 





TABLE 7 
MEDIAN INDICATOR VALUES 

AVERAGE CHROMIUM VARIOGRAM 

I?- * 
11044 

2028 6 

2973 9 

5022 5 

0 1171 

0 1557 

0 1293 

0 1142 

0 1655 

175 

183 

259 

254 

28 1 

I 59698 0 1020 201 

1 69448 I00714 I 126 

1 78653 0 1056 71 



TABLE 8 
SEMIVARIm~vALm 

NORTH-SOU" LEAD VARloGRAM 
Dbtance 

75 3 

511 2 

1008 1 

-1 
122 45 

92 45 

144 82 

1481 7 

1982 4 

2549 4 

29880 

3525 7 

3936 2 

14 

16821 

165 17 

I95 54 

161 72 

79 39 

157 46 

29 

41 

51 

39 

49 

26 

24 
- 

32 



TABLE 9 
SEMIVARIOGRAMVALUES 

EAST-WEST LEAD VARIOGRAM 
lhstance 

15 1 

Gamma@) Pairs 

0 13 2 
I 

1 5957 94 30 42 

943 4 143 63 40 

1450 2 133 69 79 

2057 1 11960 64 

2663 0 183 02 51 
I 

2946 8 

3402 4 

I 39989 I 14986 I 44 I 

- 

166 81 25 

117 07 52 



TABLE 10 
s E l m v A R ? o G R A M V A L ~  

1 10917 I 00016 1 26 

I 21841 I O o O o l  I 3 6  

139707 I Ooool I 2 8  

I 5971 1 1 O o o o 9  I 4 2  

7134 5 00003 22 

7846 1 0 0010 10 

m 

1 



Distance G-00 * 
612 0 lo00 15 

0 1458 

0 1482 

1473 6 0 1372 

- 

2018 6 
2574 5 

0 1435 115 

0 1182 165 

2936 6 

3437 8 

0 1454 110 

00909 154 
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ABSTRACT 

Soils e s t  of the Rocky Flats (RFETS) near q d e n  Colorado were contammakd wtth pU-239+240 and Am-241 as 

a result of past waste-storage practxes The vertical dirtnbuQon of actnudes m offfate sods arc unknown D v e n  SOJ 

pits at vatlous &stances and dmctms from a contaminated site at RFElrS 

for acmde actwmes as well as selected physcal, chemical and d o g m l  attnbutcs Marc than 90 p n t  of h 

Pu-239+240 and Am-241 mntm were canfined to h e  upper 12 cm of the sod, mgadcss of the soil type, or 

&stance and -on from the source Tim pattern strongly suggests that M e  downwad movcmtzLt o€Pu and Am 

have occurred wthm offsite sods dunng the last 25 years 

Exc8vILtEd, sampled, and a u a l p d  

- ..'e-- 
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- Ih iB0I)t CTION 

\ltb\i Pu-239+240 contarmnatlon of the soils near the Rocky Flats Envmnmental Technology Site (RFETS) 

~ 4 '  L . I L I * C ~  try lealung drums of Pu-contarmnated oil stored at a former storage site (Krey and Hardy, 1970) 

Sur1 I i d  w i h  in the area east of the former storage site (locally known as the '903 Pad') were c o n m a t e d  with Pu 

duc 141 H ind dispersal of soil partrcles dumg cleanup operatlons (Krey and Hardy, 1970) Many studes have 

asw -C A t h~ spatial dlstnbutlon of actnudes around RFETS however only few studles mvesbgated the verhcal 

dlwibutton a d  mgratlon of Pu-239+24O UI sods around RFETS In the context of the present study, the term 

actinide\ refers only to the most sigmficant transuranic contarmnants m the soil of E T S  (1 e , Pu-239+240 and 

Am 24 I Little and W c k e r  (1978) found that Pu-239+240 acbvity 111 sods east of the former storage site mcreasec 

with dccreasing partxle sue For all depths, sampled in 7 mcrements of 3 cm each, the lughest Pu-239+240 acbvity 

wa\ d-ociated with sub-rmcron-slze soli partrcles Two-thuds of the total Pu was found m the top 5 cm of the soils 

The relat~onshp between Pu-239+240 acbvlty and sod partxle sm &stnbuhon suggests that Pu-239+240 may be 

a c h e d  io the surface of sod parhcles Krey et al (1976) found that 90 percent of total acuvity of Pu was held m tk 

upper 10 cm of the sod They recommended more demled studes of soil charactensucs and ad&uonal measurement 

of Pu concentratlons with depth and tune More recently, Litaor et al (1994) found that over 90 percent of the Pu- 

239+240 and Am-241 achvitles m 24 pits excavated east of the former storage site were confined to the tipper 12 crr 

of the soil, regardless of the soil charactenstm or &stance and k u o n  from the source 

The goal of the present study was to assess the nature and extent of actuude dlstnbutlons 111 the soil 

environment of Operable Umt 3 Ths study is an expansion of the work done for the OU 2 RI report (Litaor et al 

1994) for the offsite areas 

METHODS 

Field Sampling 

Eleven soil pits were excavated, descnbed, and sampled east of Indiana Street (Figure 1) The sod pits were 

avated at unlsturbed or m d l y  dsturbed sites Samphng soil for actmdes charactenzatlon involves several 

id consideratlons (1) potentlal cross-contarmnauon of subsurface honzons from the more contammated surface 
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honzons (2) collechon of sufficient mated to obtan representatwe actnude actIvihcs and other soil paramtters, ant 

(3) selection of a &sbc samphg design that considers the hgh cost of actnude analyses and promdcs suflimmt 

information regardmg the vert~cal dstnbubon of actinides in the sod profile 

In light of these consi&~ons, a special sampling method was mlpluycd. Ttus method mvolved & g p g  a 

pit 3 to 5 m long, 1-m wide, and 1- to 1 1 m deep The vegetatmn, at the SUrfiKx of the p t  wall selected for 

sampling was cl~ppcd close to the ground and thswded The surfact of the selected wall was then thoroughly 

scraped with a stavrlcss st#l spade to nduoc ttK possibility of c n m - a m m  'oa Ten sod SarnQleS were d a t e d  

per pit accordmg to the followmg depth mtervals (in cm) 0-3,3-6,69,9-12,12-18,18-24,24-36,?6-48,48-72, 

and 72-96 A bottom-to-top samglung ~ W W  W ~ S  adopted to ~ U C C  futthet the nsk Of cioss Each 

sod sample was collected fiom w i t h  a hosnzontal cavity dug mto the p face at a selected depth An txccptlQLL to tb 

above sequence was made for ncat-surface samples (0-12 cm), where the sod was too 

sampling To sample the top scchcm of the p f d e ,  the samplmg was begun at ground kvel usmg a M e  and qWuk 

to cut an area approximately 25 cm long, 20 cm wide, and 3 cm deep The en- sod mass m tlus area was collected 

includmg roots and partrally decomposed orgmc rnatenal Samphg contmucd m tbs manner for m t e ~ ~ a l s  as detp a 

12 cm 

to pcrrmt &scretc 

Samplmg for selected physical and chcmcal parameters was conducted by genetic hormms rather than by tb 

incremental depth procedure The sods werc descnbcd according to p i a  cstabbhed by the Sod Survey Staff 

(1975,1981) Sampled sods fell rnto the followmg classlficattons h d l c  kg~ustoll @It 27.31). Typic m m l l  

(pit 28), Pachc Arpustoll (pits 32,33,37), And~c Haplustoll @It 29), Fluvaquentx Endoaquoll (pit 30), Tomrttc 

Argiustoll (pit 34), Tomfluvenhc Haplustoll (pit 35) and P a c k  Calcutoll (pit 36) For further & a s  regardmg tb 

soil taxonomy and classificabon see Attachment I - 
A!3m&s 

The Pu-239+240 and Am-241 act~vlties m the soil samples wcre mfasurcd by alpha spectroscopy at several 

commercial laboratones The sod samples were msted rn HNO, and HF usmg a mmwave rllssolubon procedure!. 

(Lamothe et al 1986, Fischer, 1986), and the Pu oxidaaon state was adjusted with NaNO, The solunon was then 

a L a  _ -  
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passed through an amon exchange column to separate the Pu from the solubon (Talvibe, 1971) The Pu was eluted 

from the column with HCl-NH41 solubon, was acidified with HNO,, and the sample was heated to dryness The 

sample w ds redissolved and electroplated onto stamless steel discs Upon complebon of the electroplatmg, NH40H 

was ddded to the solubon to prevent redlssolution of the deposit 

To isolate the Am-241 from the sod matnx the sample was leached with "0, Hydromdes and carbonate- 

forming elements (e g , Am) were precipitated out of the leachate with ",,OH and (NH4),C0, respecavely After 

drying the precipitate was redssolved with mtnc acid and passed through an amon-exchange column to remove the 

non-tnvalent actmdes Tnvalent actmdes and l a n h d e s  were co-precipitated with Ca usmg o d c  acid, Ca came1 

and NH,OH The precipitate was rexbssolved with HC1 and passed through a column of mxed amoncaUon resm to 

remove some of the Ca and all of the Fe Cesium and the remamder of the Ca were extracted from the solutlon usmg 

double extracbon mto &butyl-N,Ndethycarbamylphosphonate, a back extraction mto dllute HNO,, and then heatm 

to dryness The sample was x&ssolved m a ddute-acid solubon and passed through an amon-exchange column to 

a o v e  trivalent lanthades Thls column was washed with mxture of alcohol, ddute acids, and NH4SCN for parU 

separabon of Am from Cm The sample was then converted to a sulfate form and heated to dryness Followmg h s .  

the sample was rdssolved and electroplated onto stamless-steel discs Upon complebon of the e1ectroplatmg, 

",OH was added to the solubon to prevent dssoluuon of the deposit In several cases where electroplatmg fdel 

for both achmdes, the samples were mounted for alpha spectrometnc analysis using a neodyrmum fluonde co- 

precipitation techruque (Hmdman, 1983,1986) Smlar percent recovenes for Pu-239+240, Am-241 and Am-243 
I 

have been reported for the electroplatmg and co-precipitabon techmques (Si11 and Wdhams, 1981) 

Soil ProDertleS 

Pmcle size distnbubon was detemned by the pipette method (Soil Conservabon Service 1982) Sod bulk 

density was measured usmg the clod method descnbed by Blake and Hartge (1986) Specific surface area was 

estmated on 1-g samples of P2O,-drred sod by the free-surface ethylene glycol monoethyl ether method (Carter et 

al 1986) The soil samples were given no chermcal pretreatments (Cihacek and Bremner, 1979) Ca-saturated 

o m g  bentorute (assumed to be 800 m2 g ') was used to calibrate each run Cabon exchange capacity (CEC) wa. 

by saturabon with 0 4M NaOAc-0 1M NaCl followed by washmg with 60 percent ethanol, and 
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replacmg the m&x cat1011 by 0 5M MgN03 (Rhodes, 1982) Orgmc matter content was detcrmned by dichromate 

omdabon and Q m o n  with FeNH,SO, ( N e h  and Sommbrs, 1982) The mrgmc C was detcrmmed by a 

m a f i e d  pressure calcmeter method desctrbed by Nelson (1982) - 
Companson between groups dsud pits and the 10 smphug intervals was CondlECfcd usmg two-way mdys 

of vanance (ANOVAXSAS, 1992) Multtpk cornpamom among thc samplmg mtervds were performed usmg 

Bonfemm's method, whch confro& the s m p h p s c  error rate The samplmgwisecgl~#ratc is defined as the r a t ~ c  

of the number of sample mtervals m w h d  at leastme error was &to the totat 

analyzed. It IS thepbabhty of makmgatieest one cxrorm atest when tbm an no a c ~ &  M~~CCS~EWCXZI rhe 

samphg mtervals The mathcmrmttd f m  of BQnferront's mtthod IS givaiby MWccn and Johnson (1992) - o f  sample mtervals 

A general descnpbon of the q a t y  assurance and control peftamd to thts project IS t%scwsd m (m- 4B 
Hdl shall provide this information) - 

Equpmnt rimate blanks were collected to quamfy posslble cross cmmnhtmn due to potenttally 

msufficient decontarmnatlon pmctxes betwan samples The blauks wcrc cdkctad by msmg h n t a m m a t d  

samphg equpment with laboratory-grade water, placmg it m the apprapnate contamer, and prescnmg it as 

q d  The data for eqrupnaent nnsate blanks mdxazc that the samplutg prachcts rlld not produce a slgntficant 

source of cross contamnahon among samples (Table 1) 

ms=wkam 
Dupllcate sod samples were collected systemcally for the s u r f h i  soli samphng program of OU 3 (Tabk 

2) The data from the sample and dupkate provide a measure of the samplmg preenon and sample homogeneity 

(1 e a measum of the amount of error m the data attributable to samphg tcehquc or to vanabhty m the distnbuttc 

of acmdes 111 the sod envmnment) Prec~~ion was quanbfied by Calculattng the relatwe percent Mcmnce (RPD) 

The FWD 1s the quobent of the Mfemnce between duphcate analytd msults, and the average of those results 
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expressed as a percentage In the absence of established regulatory guidehes for QC cntenon for actmde actlviues 

in soil samples, the common practlce of f35% was applied Most of the RPDs calculated for Pu and Am far exceedz 

th~s value (Table 2) Ths finlng suggests that attaining the commonly used QC cntenon for low level actnude 

act~vity in soil may be Qfficult 

The presence of data below the detechon limr 14 a result of the low levels, or absence, of a gven actmde m 

the sod sample as well as the analpcal detecbon limt For stahshad analysis, all below-detecaon-hmIt data were 

replaced with one half the detection h t  The results of the actnude act~vity countmg error, error percent, detectron 

hmts and other vahdabon cntena are presented in Tables 3 and 4 The results of the physical, chemcal, and 

mmeralogical mvestlgahons are presented m Attachment I 

RESULTS AND DISCUSSION 

am ut  urn-^^ ~ ~ ~ ~ ~ ~ ~ p p e r  3 cm of the eleven sod pits stucl~ed 111 OU 3 ranged from 3 83 pCdj 

to 0 091 pCdg, whereas Am-241 ranged from 0 84 pCdg to 0 01 pCdg (Tables 3 & 4) The vertlcd dlstnbuhon 

profiles of these acmdes m the 1 1 pits excavated 111 OU 3 are depicted m Figure 2 In general, Am-241 achvity 

ehbited a sirmlar dwnbubon with depth to the vertlcal &strrbubon observed for Pu-239+240 However, a 

somewhat less consistent vemcal profile was observed whxh probably can be explatned by the greater countlng 

error and the greater total analyt~cal error associated with Am-241 measurements 

Summary stahshcs of Pu-239+240 and Am-241 in sods of OU 3 is s u m  m Table 5 Over 96 perceni 

of Pu-239+240 and 93 percent of Am-241 acbvibes were accounted for m the top 12 cm of the sod Ths Qstnbuho 

clearly attests to the observed pattern of actinides m the sod envllonment around RFETS (e g , Lmle et al 1980 

Litaor et al 1994) Ths pattern strongly suggest that httle downward movement of PU and Am have occurred  with^ 

these soils dunng the last 25 years 

To assess the vertlcal distnbubon pattern of acmdes with &stance and locauon from the 903 Pad, the 37 pit 

in OU 1,2 and 3 were dvided among five regions of expected actmde achwty (Figure 1) The five 

detemned using isopleth maps of Pu-239+240 and Am-241 (Litaor, 1995b) The length of area A, B 



and ( I 1 rh cd.t direcuon is  qual to the range (approx 700 m) collilp\lttd by a semi-vanopm umg 118 swfiaal 

soil trriplL (0 64 cm) between the former storage site and Indrana Stred (Idtator, 1993. htaor 199%) h C  

repn Y nt I ~ L  least con- soil envmns with Pu-239+240, WM IS located east of the 903 Pad and # n h  t l  

Bulk r /hnc of RFETS AreaD npresents OU 1, whereas the -cast ofIndrana Street was deslgnatbd as OU 3 
I 

leaching (a Attachment I for fieId descr~pt~ons and physical pamm&as SUGh as partide snzc tbtrWt~on) Howeve 

becduw Pu-239+240 is strongly a s s o c d  with orgamc matter and 8CSqU1OX1CIC contents of the sod (Brahim and 

Litaor in review), there has been little movement of Pu down the sod pmfik rqpdkss of sod type 

0 Area A eabited sigmfkantlyhtgheractivityof at%&cs than soils in areas B, C, artd D Sods in ama B 

C mid D, whereas sods m area C and D exhibited significantly hgher activity of Pu-239+240 than sotls m 

showed simlar actmde act~vity (see Litaor et al ,1994, for details) 

Am-241/Pu-239+240 rgnp 

The mean Am-241/Pu-239+240 a c t ~ v i ~  m o  in tht top 3 an of a€l dorl pits was 0 22, with a standard 

deviauon of 0 19 Considerable in- in the Am-241/pu-239i24#ratro was observed ad greater depths (Fi%ure 

2) This large increase suggests that Am-241 may be moxe mobile than Pu-239+240 Similar observlltions were 

reported by Krey et al (1978) who found that the Am-241/Pu-239+240 -0 LLIgeascd with depth They atrributed 

the increase to a slightly greater mobdity of the Am-241 m the soii. Krey et al (1978) also bund that the maxunLlm 

enhancement of Am-241 over Pu-23%240 was about a factor of 2 at the patest depth of sarnplmg (25 cm) 

However, plots of the Am-241/Pu-23!3+240 ratlo and their respea~ve analytical mors showed reinarkable d a r i t y  

between the isotopic m o  and the analyticalerror Hence, the Am-241/Fu-239+240 ratio is probably a poor mdicato 

for the relatlve mobility of actnudes IIL the sod Somewhat s d a r  msults were reported by Essmgton et al (p976), 

who used the change in ratio with depth to support the hypothesis that Am-241 moved more rcaddy down the soil 
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profile than Pu-239+240 However they recognized that the magmtude of the downward movement of Am-241 is 

&fficult to resolve because of the larger analytical variability associated with Am-241, compared to Pu-239+240 



10 1 m 
&fer( II( e r 

Blake G R and KH Hartge 1986 Bulk density In A 'Klute (4.) Methods of 

soil analysis, Part 1 2nd ed Agronomy 9 363-375 

Carter D L M M Mortland, and W D Kcmper 1986 Speak  surface In A 

Klute (ed ) Methods of sod analysis, Part 1 2nd cd Agronomy 9 413-422 

Cihacek, L J and J M Bremner 1979 A s m p W  ethylene glycol monoethyl 

ether proccdm for assessment of sod surface  am^ Sod S ~ L  SOC Am. J 43 821-822 

Fischer L B 1986 Microwave chssolubon of geologrc materials 

to isotope ddubon anaiysis Aaal them. 58 261-263 

Hindman, F D 1983 Neudyxn~um fluondc mountuig for alpha 

deternabon of urantum, plutwum, &d 8mtffclum. Anal clhem. 55 2460-2461 

Hmdman, F D 1986 Actmcie qaratmm for alpha spectrometry usmg 

neodymum fluonde coprccipit&on Anal Chcm. 58 1238-1241 

Krey, P W and E P Hardy 1970 Plutomum u1 sod around the Rocky Flats 

Plant HASL-235 

Krey P W , E P Hardy, and L E Toonkel 1976 The &smbwon of plutomum 

and americium with depth 111 sod at Rocky Flats USERDA Bvmmmatd Quarterly Report, HASL-318 

Lamothe, P J , T L Fnes, and JJ Consul 1986 Evaluat~on of a maowave 

oven system for the &ssolution of geolog~c samples Anal them. 58 1881-1886 

Ltaor M I 1993 Spatial analysis of plutomum achwty M sods of Rocky 

Flats Plant, p 1 17- 136 In Kathren et ai (eds) Envxonmcntal Health Physm proceedmgs, January 24-28, 

1993 Coeur d'Alene, Idaho 

Ltmr MI., M. L Thonpson, G R Barth, mdP C M o k  1994 Plutmn1m-239+240aud 
Amencium-241 m Sods East of Rocky FIats, Coloratk Jous Envron Wty, 23 1231-1239 

Litaor M I 1995a U m u m  isotopes &smbution 111 soils around Rocky Flats, Colorado J Environ Qual 18 (1 
press) 



11 1 

Litaor M I 1995b Spabal analysis of Pu-239+240 and Am-241 in soils around Rocky Flats, Colorado J 
-= 

Environ Qual 18 (in press) 
__ 

Little, C A and F W whlcker 1978 Plutomum hstribuhon in Rocky Flats 

soil Health Physics, 34 45 1-457 

Milliken, G A and D E Johnson 1992 Analysis of messy data, Volume I 

Designed Expenments Van Nostrand Remhold, New York, 473p 

Nelson, R E 1982 Carbonate and gypsum In A L Page et al (ed ) Methods of 

soil analysis Part 2 2nd ed Agronomy 9 159- 164 

Nelson, D W and L E Sommers 1982 Total carbon, orgamc carbon, and orgamc 

matter In A L Page et al (ed ) Methods of soil analysis, Part 2 2nd ed Agronomy 9 539-577 

Rhoades J D 1982 Cabon exchange capacity In A L Page et al (ed ) Methods 

of soil analysis, Part 2 2nd ed Agronomy 9 149-157 

@S 1992 SASSTAT Release 6 03 Edibon, Cary NC 

Sill C W and R L Williams 1981 Preparabon of acbnides for a 

spectrometry without electrodeposihon Anal Chem 53 412415 

Sod Conservabon Service USDA 1982 Procedures for collectmg sod samples 

and methods of analysis for soil surveys Soil survey invesbgabon Rep 1 U S Government Pnnbng 

Office, Washmgton DC 

Soil Survey Staff 1975 Soil taxonomy A basic system of sod clasaficabon 

for makmg and interpretlng soil surveys USDA-SCS A p c  Handb 436, U S Government Pnnbng Offici 

Washmgton DC 

Soil Survey Staff 1981 Soil survey manual Chap 4 Workmg Draft (430-V- 

SSM) USDA U S Government Printlng Office, Waslungton DC 

Talvine, N A 197 1 Radmchemcal deternabon of plutomum m envmnmental 

0 and biological samples by ion exchange Anal Chem 43 1827- 1830 



--- 

12 1 a 
Ew=w 
Figure 1 Locabon of the 37 sod pits denoted as Xn and the spatml dstnbution of Pu-239+240 m sods around 

RFETS 

Figure 2 The vemcal cbtnbuhon of acmdes m eleven soil pits of OU 3 
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Tablc 7 Summary staushcs of two-way analysis of vanance tesung the classlficauon of pU-239+240 actlvity (Log 
Pu) b iih drea and deDth in OU 1.2. & 3 

SOUKCE D F  SUM OF MEAN SQUARE F VALUE PR>F 

Model 49 2894 42 59 07 45 05 000 1 
Error 266 348 81 131 
Total 315 3243 23 10 3 
DEPTH 9 1103 72 122 64 93 52 OOO1 
AREA 4 1257 07 314 27 239 66 0001 
AREA 
BYDEFT" 36 203 08 564 4 30 OOO1 

SQUARES 

Bonferroni correcuon for calculatlon of slmultaneous confidence mtervals Alpha = 05, confidence = 95 

Simultaneous Difference Simultaneous 
Area Lower Confidence Between Upper Conf 
Comparison Limit Means Limit 
OU3-A 4 538 4 981 5 424 
O U 3 - B  1473 1932 2 391 
OU3-C - 391 0 125 642 

3 - D  180 0 842 1504 

Only the OU 3 - C compmson confidence mterval encompasses zero, hence, the &fference between these areas witl 
depth is insignificant at the stated threshold 



Table 7 Summary stawt~cs of two-way analysls of vanance testmg the cltisdicataon of Pu-239+240 actlvtty (Log 
Pu) wtth manddepthm OU 1.2, &3 

SOURCE DF SUM OF MEANSQUARE FVALUE P b F  

Model 49 2894 42 59 07 45 05 ,6001 
Error 266 348 81 131 
Total 315 3243 23 10 3 
DEPTH 9 1103 72 122 64 93 52 0o01 
AREA 4 129 07 314 27 239 66 0001 
AREA 
BYDEPTH 36 203 08 564 430 goo1 

SQUARES 

Bonferrom common for calculmon of sundmus confidence mtewals Alpha = OS, confidence = 95 

Cornpanson Limt M- Limit 
OU3-A 4 538 4 981 5 424 
OU3-B 1 473 1932 2 391 
OU3-C - 391 0 125 642 
OU3-D 180 0 842 1 so4 

Only the OU 3 - C companson confidence mterval encompasses zero, hence, the chffance between these areas 
with depth IS msigdicant at the stated threshold 
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Attachment I 

Soil C Iassification 

Mon of thc soils m h s  study were Argutolls, 1 e , sods fonned m a sem-and c h a t e  under the dluence of pram 
vegetation and contamng subsurface accumulabons of clay 

All of the soils eAbited moulc epipedons, i e , relatwely h c k  surfcial horizons wth abundant orgamc matter 
Mollic epipedons reflect annual below-ground adhbons of orgmc matter to the sod by dcmmposibon of the roots c 
pram p s e s  and forbs In general, moulc epipedons must be at least 18 cm h c k  and have moist colors with 
chroma and value <3 5 

MOSI of the soils were classdied as havmg argdhc homns, reflectmg accumulabons of clay m the subsurface 
Argillic honzons generally have at least 20 percent more clay than the sod homns overlymg them The common 
Occurrence of hthologc dmontmwbes (see below), however, suggested that not all the clay 111 the Bt homns was 
fluvial Most of the sods mvesbgated had subsurface accumulahons of calcium carbonate as well In several sods 
that accumulabon was great enough to formally iden* calcic hormms 
(e g Pits 27, 32, 36) 

Only one (Pit 34) of the eleven pedons mvesbgated had no ewdence of htholog~c Iscontmwbes Thls fact suggests 
the importance of alluvial parent matenals to the sods m the study area. Smdarly, even though the fme-earth fracbo 
(1 e ,  4 - m m  matenal) was dormnated by clay partxles in most of the sods, there were u s d y  abundant coarse 

ments that resulted m classficauon of the sods m clayey-skeletal pmcle-sne groups one sod (ht 34) as Q sified into torrertx subgroups because it had hollzons near the sod surface that had hgh clay contents, malung it 
susceptible to craclung m summer months 

Clay Mineralogy 

Mmerals in the clay fracbons of the pedons m h s  study were identrfied by standard x-ray -on whmques 
Smecubc mmerals had d-spacmgs that expanded to about 1 8 nm upon gly-on Vemcuhte occurredm trace 
amounts in some samples evidenced by a typically smaU peak at about 1 4 nm on the glycerated sample’s x-ray 
&ffracuon pattern Clay mca (Illite) was idenbfied by its normal reflemons at 0 98 nm, 0 5 nm, and 0 33 nm 
Kaohte m the samples provided charactensbc peaks at 0 71 nm and 0 356 nm Quartz (0 426 nm) occurred 
ubiquitously m small amounts m all the samples The presence or absence of hydroxy-mterlayered 2 1 clay mmeral 
was determxned by assessmg the degree of collapse to 1 0 nm of the s ~ t e  and vemcuhte d-spacmgs on K- 
saturated samples heated to 350 degrees C, Iron oxldes were assessed by extracbon of the sod matenal wth citrate- 
bicarbonate&homte solubon and calculatmg the amount of Fe203 removed, assummg that all occurred m the clay 
h a o n  Abundances of the these minerals were estmated by relahve areas of the charactensbc x-ray &ffracuon 
peaks specific surface area measurements, thermal grametnc tahruques, and selemve &ssolubon analyses 

The majonty of sod honzons had clay fiacbons consistmg of a mture of the clay mmerals i&nl&d above Std, i 
al l  honzons, smecbte was the dommant clay mmeral, typically accountmg for about 60% of the clay frachon The 
abundance of smechte m the soils probably reflects the many potenbal sources of smecbte as well as its charactensbc 
pmcle slze Smecbte in these sods was probably denved partly from Cretaceous-age shale the shale formed the 
parent matenal for many of the soils mvesbgated, either dmctly or as a source of the colluvlum or alluvium m whct 
the sods developed Smectxte may also have formed by neofombon as pnmary mmerals weathered and released S 
Al, Fe Mg, and Ca Finally, smecbte commonly occurs 111 fme clay fracbons, a slze that makes smecbte partxles 

both to transport by wind and water erosion and to accumulabon m lo-lymg landscape posibons 
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With a few excepnons, clay mea cuntcnts w e n  &natest near the sod surface and decnascd wth depth. This IS the 
opposite trend €tom what one would expect f11 moderately to highly weathud sods, and it confirms the hypothesis 
that the sods have not sipficantly weatbend smcc deposiuon of the PgFent matcds 
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ABSTRACT 

Sods east of Rocky Flats Plant @WETS) near Golden, Colorado were contammated wth 

acmdes  because of accidental release of ods laden with Plutomum sotopes Consequently, 

these sob  were contammated by Am-241 due to radioactlve decay of Pu-241 (t,n = 14 4 yrs) A 

spahal analysls of Am-241 amwty m sods east of RFETS was conducted to dttcrdate the 

magmtude and the mode of Am-241 drspersion in the sod environment. Americium-241 actlmty 

of 178 sod samples ranged from 0 001 pCdg to 270 pCdg wth a mean of 5 8 pCWg , median of 

0 19 pCdg, standard dematlon of 25 5 pCdg, and a coeficient of vanauon of 4 3 The techmque 

of nonparametnc mdicator knging was used to model a condruonal cumulabve dstnbutlon 

functlon (ccdf) of Am-241 in sods around RFETS The ccdf was used to generate an E-type 

(mean of the conditlonal cdf) surface The resulted surfaces were consistent with the hypothesis 

that the westerly wmds were the dormnant mechanism of Am dupersal The ccdf was also used 

to construct probability of exceedence maps of Am-241 in sods For the purpose of thls report 

two threshold values for the probabdity maps were selected (1) the mean measured background 

acuvity of Am-241 (0 01 1 pCdg) and (2) the prognmmahc preliminary remediawn goal for 

residenual occupancy- (2 37 pCdg) The probability-of-exceedence maps provide 

esmates of spaud uncemnty associated with each thmhold The E-type maps in conjuncuon 

with the probabihty-of-exceedence maps provide a robust framework for future cleanup opuons 

and landuse declsions 
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INTRODUCTION 

Acunide contaminahon of surface soils at Rocky Flats Environmental Technology Site 

(RFETS) near Golden Colorado resulted from leakage of plutonium-contaminated oils from 

drums stored in an outside storage area The magnitude and the mode of Pu dispersion in the soil 

environment was discussed by Krey and Hardy 1970 Seed et a1 197 1 Little et a l  1980, and 

more recently by Litaor (1993 1995b) The isotopic composihon of weapon grade Pu processed 

at RFETS was reported to have isotopic composihon of 0 04% Pu-238,93 3% Pu-239,6% Pu- 

240,O 58% Pu-241 and 0 04% Pu-242 (Krey and Krajewslu 1972 and Martell 1975) The 

inihal Am-241 achvity in the weapons grade Pu processed at WETS did not exceed 10' percent 

(Krey et a1 1976) Consequendy nearlly all the Am-241 achvity in the sod around RFETS 

resulted from radioactlve decay of Pu-241 (tin = 14 4 yrs) to Am-241 

The physicochemical charactenstics of Am 241 in the environment are markedly 

different than those of Pu-239+240 Fowler and Essington (1974) ascertamed that Am is more 

soluble than Pu and may become the radionuclide ot prime concern because it has a fster  

rnigratlon rate in soils Romney et al(1985) showed that root uptake 01 Am-241 by vmous 

plants was consistently greater than that of Pu Am 241 exhibited a higher solubility than did Pu- 

238 and Pu-239+240 as observed in rumen contents of cattle grazing on actinide contaminated 

desert vegetahon (Barth et al 1985) 

The effectiveness ot wind transport mechmsms in spreading the xtinides across the 

landscape may vary among dtfterent radionuclides For example Am-24 1 W ~ S  transported in the 

atr across the Hanford site in different parucle sizes and reached maximum concentrauon at 

I 
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different heights than those of Pu-239 (Sehmel, 1978) Hence, the spaual dlstnbubon of Am-241 

m the sod environment at RFETS may vary considerably mare than that of PU rsotopes 

Several studies assessed the spatial dlstnbutlon and the total inventory of Pu in sods 

around RFETS, although no stud= have assessed the spatrai dtstnbutxm and rnventory of Am- 

241 111 these sods Human nsk analysis was performed only with Pudata For example, Johnson 

(1981) mochfied the lsopleth map of Pu given by Krey (1976) to esamate cancer incidence rates 

m the Greater Denver area. Cancer potency cornpanson tam suggest that the carcinogenicity of 

Am-241 IS appromately equal to that of Pu-239 for bosh inhalabon and i n m o n  exposure 
szz 

routes (USEPA, 1992) The consstent presence of Am-241 with Pu-239+240 resulted in 

appromate 2 fold overall mcrease in cancer nsk Hence, an assessment of the spattal 

distnbutlon of Am-241 rn sods around RFETS is essenual for future nsk assessment of potentlal 

human nsk associated with surface soils contaminated by Am-241 

The main goal of the cunent work IS to provide a complete appmsal of the spmal extent 

of Am-241 m sods around RFETS The appraisd would form the basis for human health nsk 

assessment. This work supports the remedial invesngahons of acbnides in  surtlcial sods at 

RFETS for Opreable Units 1 2, and 3 The objecbves of the present study are to (1) assess the 

spabal dlstnbuuon of Am-241 in soils east of RFETS using robust geostatisucd techniques and 

(2) provide a measure of uncemty to the spatial estunation of Am-24 I 

METHODS - 
The sampling ot Am-241 in soils east ofRFETS followed the protocol ot the Colorado 

Department of Public Health and Environment (CDFHE) (CDH 1977) This sampling protocol 
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requms the colIecuon of 25 equally-spaced subsamples to be composited withm a 4 05 ha area 

for Am analysis The soil at each individual locauon was sampled with the CDPHE sampler 

whch was designed to obtam a sample from the upper soil surface 0 64 cm deep, and from an 

area 5-cm wide by 6- cm long For this study, the southwest comer of each plot was located by 

survey and identified with an appropnately marked steel post. The 25 subsamples for the 

composite sample were located wth a hand-held compass and tape measure, using the southwest 

comer as the s m n g  point Sampling of the top 6 4 mm of the soil may be difficult especially 

in stony soils The use of thls technique was advocated by CDPHE because of the semi-md 

condihons in eastern Colorado that increased the potenual for wind-resuspension and subsequent 

inhalauon of soil parucles contaming Am from the top soil The rauonale and density of 

samphng of Am-241 in sods was similar to that of Pu-239+240 (see Chapter I) One hundred 

and forty four 4 05 ha plots and 34 1 01 ha plots were used for a total of 178 plots (Figure 1) 

ory Analvsis 

The Am-241 actlvity in the soil samples was measured by alpha spectroscopy using 

vanous commercial laboratones The soil samples were digested using a microwave dissolution 

procedure (Lamothe et al 1986 Fischer 1986) and the sample was leached with nitnc acid 

Hydroxides and carbonate forming elements (e g Am) were precipitated out ot the solution 

with ",OH and (",),CO, respectively The dry precipitate was redissolved with nitnc acid 

and passed through an anion exchange column to remove the non-tnvalent actinides Tnvalent 

achnides and lanthanifles were co-precipitated with calcium using oxalic acid calcium carner 

and NH,OH The precipitate was redissolved using HCI and passed through a column of mixed 

anion-cauon resin to rernobe some ot the cdciurn and all ot the iron Cesium and the remaining 
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of the calcium were extracted from the soluuon using double extractlon into DDCP (dibutyl- 

Nfidiethycarbamylphosphonate), a back exuacuon into dilute HNO,, and then heatmg to 

dryness The sample was redissolved in an alcoholic dilute-acid solution and passed through an 

anron-exchange column to remove mvalent lanthanides This column was washed with mutture 

of alcohol, ddute acids, and NH,SCN for pact~d separauon of Am from Cm The sample was 

then converted to a sulfate form and heated to dryness The sample was redlsmlved and 

electroplated onto stamless steel dlscs Upon complehon of the elecmphtmg, ammonium 

hydroxide was added to the solutron to prevent redissolution of the deposit. In several cases 

where elecmplamg Wed, the samples were mounted for aipha spectrometric andysls using a 

neodymium fluonde coprezipitahon tecfvuque ( h d m a n ,  1983,1986) S d a r  percent 

recovenes for Am-24 1 and Am-243 were reported for electroptatrng and copmipitanon 

techques (Slu and wdhams 1981) 

Geostat~~t~cal Approacb 

The spaual dlstnbuuon of Am-241 in the soil environment of RFETS was assessed 

accordrng to the followmg steps 

(1) A general exploratory data analysis in whxh univanate stat~~ucs was performed and the 

benefits of data transfonnauon and declustenng were assessed 

(2) Selecuon of K threshold values for the calculated conditmnal cumrnulatwe dlstnbuuon 

hnctlon (ccdf) was performed using 8 cutoffs which define the Am-241 ccdf, 

(3) Indicator semivanognms were computed for these 8 cutoffs (see Chapter I for detruls) 

(4) The accuracy of IK in esumaung the ccdf at the 8 cufoffs was examined by a cross validation 

analysis This analysis consisted ot esrirnaung a ccdt at a datum locatlon where the Am-241 
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achvity was t empomly  removed from the data set This procedure repeated itself at all data 

locahons The true value at a given cutoff was compared agamst a computed value at that cutoff 

(5) The ordmary indicator knging algonthm was used to generate cumulative indicator 

funcuons, and compute the probability eshmates for the unsampled area according to c e w n  gnd 

speclfcahons In general, a 5500 rn search radius was used with a minimum of 4 and a 

m m u m  of 10 data pomts required to esumate a gnd point The ordinary indicator knging 

equahons system were solved for all the 8 cutoff values This provided the uncertrunty through 

the 8 selected discrete ccdf values 

(6) The ccdf for any required quantlle or probabihties ot exceeding a threshold value of interest 

(e g , Programmahc Remediauon Goals) and the E type estimate (mean of the ccdf) were 

computed (see Chapter I for demls) The ccdf ot Am-241 in the soils around RFETS showed 

large posiuvely skewed distnbuuon (see below) thus the upper tad of this ccdf was calculated 

using a hyperbolic model (see Chapter I) 

0 

The IK analysis was performed using GSLIB the geostatistlcal soitware library and users 

guide (Deutsch and Journel 1992) The onginal GSLIB software provided tor d m  entry 

through parameter files entered in a specific torrndt Minimal internal documentation ot 

parameter values and definiuons was provided and data entry with program parameter files was 

tedious and prone to execution errors GSLIB did not provide an interacuve display ot the 

modelhng results Hence a menu-dnven windows interface was developed tor GSLIB to 

facilitate the data entry program execution and displav ol data in tdbular and graphical tormats 

DATA OUALITY 

0 Ouality Assurance and Ouality Control Practice5 



- 
EQuipment m a t e  bl& were collected to quanhfy possible cross contammatlon due to 

potenmy lnsufficlent decontamlnatton practms between samples The blanks we= collected 

by nnsmg decontaminated sampltng eqrupment wth laboratory-gde water, @acing it in the 

appropnate contamer. and preserving it as required The data for equqmenc nnsate blanks 

mdicate that the samplmg pracuces did not produce a signrficant source of cross contaminauon 

among samples (Table 1) - 
Duphcate sod samples were colfected systemahc&y for the surfclal sod sampling 

program (Table 2) The data from the sample and duplicate provde a measure of the sampling 

pmision and sample homogeneity (1 e ,  a measure of the amount of emr in the data attnbuuble 

to sampling technique or to vanability in the distnbution ot actlmdes in the so11 environment) 

Precuion was quantlfied by calculaung the relative percent dlffexence (RPD) The RPD is the 

quohent of the difference between duplicate analyucd results, and the average of those results 

expressed as a percentage A 

control limit of +35 percent for the RPD m laboratory duplicate analysls was recommended by 

the laboratory data validabon guideline drafted by EPA in 1988 There is no established cntena 

for the overall sod sampling and laboratory precision analysis Ths is because the large 

vanability of metals distnbution in soils Indeed the RPD values for all duplicate samples for 

OU 3 ranged trom 8 to 156 percent. It should be noted however, that the highest vdue in each 



duphcate samples was used in the spaual analysis of Am-241 in the soil environment around 

RFETS 

Below-Detection-J ,imit Da@ 

The presence of data below the detecuon limit is a result of the low levels or absence of a 

given actlmde III the sod sample, as well as the analyucal detectlon h i t  For sta~strcal analysis, 

a l l  below-detectlon-limit data were replaced with one half  the detecuon hmit. The results of the 

actmide acuvity counung error error percent, detecuon limits and other validation cntena are 

presented in Table 3 The errors reported in Table 3 indicate the counung error of each soil 

sample Most of the counung errors were below 35 percent In general, samples with low Am- 

241 actlvity were characterized by high countlng errors 

ULTS AND DISCUSSION w 
Exdoratory Analvsis 

Amencium achvity in soils east of R E T S  ranged from 270 pCdg near the former 

storage site to 0 001 pCdg at the tar southeast comer oL the samphng area The mean activity of 

Am-241 was 5 8 pCdg median o f  0 197 pCdg with a standard deviation of 25 4 pCdg a 

coefficient of skewness of 8 0 and a kurtosis ot 75 7 The effect o f  few outliers on the mean and 

the variance of the ccdf can be clearly seen in Figure 2 The positively skewed distnbuuon 

justified the use of nonparametnc spatial estimation techniques such as IK - 
The ccdt depicted in Figure 2 provided 8 cutotis trom which 8 indicator vanograms 

were modelled The eight indicator vmograms with their models parameters are summmzed in 

e a b i e  3 and illustrated in Figure 3 
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The Indicator vanograms model parameters were tested using the cross-vahdahon 

techque Indlcator values at each cutoff were knged and the mean of both actuais and esbmates 

computed Each cutoff represents a p a n t  on the underlymg d f ,  thus the mean cstunitttd value 

should be favorably compared with the known mean at that cutoff For example, rf the first 

cutoff represents the ten percent pomt of the ccdf, the mean o f  the actmi and stmated 

mdicators should be appromzdy 0 10 Signtfcant dcvmtm fmm tho und+rlying ccdf woufd 

suggest a problem with the rnodehng strategy The vddatton resuks using sotropic models 

descnbed 11t Table 4 and Figure 3 are summanzed in Table 5 The valdauon results f w  all data 

sets mchcated that the models adequately represent the underlymg cdf Cross vahdauon analysis 

conducted on arusotropic modds did not improve the estrmation results, thus the wtrop~: 

indicator vanograms were used u1 the IK analysls 

E-Ty- of Am-241 in 

The E-type esbmate surfaces of Am-241 which is the mean value of the cdt at each 

specified gnd point is depicted rn Figure 4 The E-type estlrnate E(t'(u)), is considered the 

closest possible to the true value Z(u) (Goovaerts, 1994) The E-type esmates of Am-241 

actlvity showed a clear west-east trend This trend is charactenzed by high values war the 

former storage area with a rapid decline towards the eastern plant boundary and the residentlal 

areas east of Indiana Street. The Am-241 activity in the soils decreased rapidly in the north and 

south directlons This pattern reflected wind dispersion consistent with the prewilins wmds at 

RFETS (Key and Hardy 1970) These findings reaffirmed previous studies that suggested 
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eolian transport of resuspended soil pmcles was the dominant process in the dispersion of 

acunides in the environment (Seed et al 1971 Little et al 1980 Litaor 1995a, 1995b) 

Probabilitv of Exceedme a Threshold Value 

Several maps of  conditlonal probabdines were generated to provide areas of uncertrunty 

around the isopleths of the E-type esumates To create these maps, two threshold values were 

selected, the first value represents a background level of Am-241 in the Denver area and the 

second is the programmatlc preliminary remediauon goal (PPRG) value 

BaciCptQund Level of Am-241 

Fifty soil samples from undisturbed areas along the Front Range of Colorado were 

collected to assess the background level of Am-241 (Whitlng, 1994 personnel commumcauon) 

The 50 locatlons ranged from 12 km to 170 km away from RFETS All locatlons were upwind 

and upstream from RFETS thus unatfected by the site s acuvities The background level of Am- 

241 in soils is assumed to represent the global-fallout of Pu-241 that wds onginated from 

atmosphenc testing of nuclear weapons The distnbution of Am-241 in background soils is 

presented in Figure 5 Based on the staustics presented in Figure 5 it was assumed that the 

anthmeuc mean of Am 241 represents a reasonable background threshold value tor the Denver 

area 

The probability map tor the background concentrations of Am-24 1 clearly demonstrates 

the large uncertrunty associated with the E type estimate isopleths (Figure 6) Areas within 4 km 

radius east of the plants outer boundarv (1 e Indiana Street) exhibited a greater than 80 percent 

probability of exceedance the mean global tallout Am However areas only 7 km east of the 

a outer boundarv exhibited a less than 20 percent probability ot exceedance the mem global- 
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fallout Am Similar pattern was observed for Pu-239+240 (see Chapter I & Litaor et a l  in 

review) 'Rus uncemty must be taken into account when attemptmg to comlate the potentlid 

envlronmental and human health nsks from RFETS-denved Am on the Greater Denver area 

for 

Risk-based programmatlc preliminary remedimon goals (PPRCI) we= computed for 

radionuclides in soils in €WETS (DOE, 1995) These FTRGs were Based on both resicfenhal and 

commercial/ mdustnal scenanos The PPRG cdculahons followed USEPA (1989,199 1) 

guidance and were supplemented with RFEZS speclfic uzformauon (DOE, 1995) A PPRG of 

2 37 pCdg of Am-241 m sod was computed to meet the &gent qumments  of a midentd 

Scenano Map showng the probabihty of exccedance of -the conrparted PPRG for residentral 

sLenm-0 at RETS h c s  been produced (Figure 7) T b  map delineates the areas declartd 

potentially hazardous on the bass of the restdenha1 scenano using the esmate Am (u) > 2 37 

pCdg providing the probability 1 - a(u) to make a comct remediauon decrsion for all locauons 

(u) such that Am > 2 37 pCdg at a given probability will follow 

1 - a(u) = Prob(Am(u) > 2 37 I(n)) (1) 

Under these condiuons significant pomon of the land east of the former storage s~te within the 

buffer zone ot WETS would need to be remediated if meeting the residenhd scenmo 

requirement is the land use decision The cleanup ot such a large area (358 801 m' at 80 percent 

probability and 799 539 m' at 60 percent probability) is unrealisuc in terms ot cost waste 

generation and land reclamation to minimize slope erasion that must tollow such large-scale 

removal ot the top soil 
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The mean Am-241/Pu-239+240 acuvity mu0 in the 178 soil samples was 0 319 with a 

standard deviauon of 0 531 This rauo did not agree with an earlier work by Litaor (1995b) who 

sampled 118 sod samples withln the plant boundanes and reported a ratio of 0 19 (Table 6) 

Sigruficantly larger acuvity rauos were calculated for off plant locations (Operable Unit 3) For 

example, the lower quantzle of the Am-24l/Pu-239+240 actlvity ratlos calculated from 60 soil 

samples taken from off site locauons exhibited similar value to the mean acuvity ratio calculated 

from samples taken within the plant boundanes (Table 6) From parent-daughter radioacuve 

decay relationships the history of  the site the isotopic cornpositlon inside the stored barrels the 

a initlal amount o f  Pu released and number of years since the initial release (see Appendix I for 

detads) Litaor (199%) calculated that in 1992 the Am-241Pu-239-240 acuvity ratio in soils 

withm the plant boundanes (OU 2) should have been 0 17 which agreed well with the 0 19 

mean rauo measured in 199 1 (see Table 6) The source of the apparent discrapzncy between oif 

site and within plant boundary locations onginated from the analytical uncertainty associated 

with measunng low actlnide activities close to the detection limits The analytical errors 

associated with the samples collected within the plant boundanes and those associated with off 

plant samples are also summaned in Tdble 6 Errors as high JS 400 percent were recorded for 

samples taken ott site with mean error of 83 percent compared with mean enor ot 15 percent 

observed for sod samples taken within the plant boundanes Hence caution should be exercised 

when attempting to use the auvity ratio to ascertain the historv QL release ot LLtinides in the 

environment (see Litaor 1995b) 



Concludmg Remark 

lhs study has provided a comprehensive a p p m a l  of the extent of Am m the soil 

envuons The major fmdmg of this work was that the spattal dlstnbutron and dispersal 

mecharusms of Am-241 were smilar to those of Pu-239+240 The axma adjacent to the former 

storage site IS the must significantly contaminated with Am-241 in spite of several sod removal 

operabons (Baker, 1982) The ccdf was used to generate an E-type mumate (mean of the ccdf) 

and probabhty-of-exceedence maps These pmb brhty-of-exceedmce maps provided the 

background mformatton required for selecttng remedial acttons and/or correcttve measures for 

cleanup 



APPENDIX I W a c u  ve Decav and Gro wth Calculauou 

The exponenual law of decay for radionuclides is descnbed by 

where N, is the number of unchanged atoms at ume t N,' is the number of atoms at t = 0, and 1 

1s a decay constant. The decay constant is conveniently descnbed by the half life concept (t,,) 

where t,, is the tune required for an i n i t d  number of atoms to be reduced on the average to half 

that number by transformauon 

N," IS denved from the known weight (W) of the radionuclide under study its molecular weight 

(M) and the Avogadro s number Ag 

In practice the acuvity (A) ot a radionuclide is measured where 

and c is the detectlon coefficient which depends on the nature of the detecuon instrument 

The decay rate of a single radionuclide is descnbed by 

The decay rate of a daughter isotope resulting from the transtormauon descnbed by equauon I5 

1s 

dN2 
-- + 1 N - llNIoe" = 0 

dt 



where 4 and N2 are the decay constant and the number of atom u€ the daughter tsotope 
i 

res pectlvely 

The solutton of dus dlfferenual equauon is 

Equattons I1 through I7 were used to calculate the rauo of 

Am-241/Pu-239+240 Using equatlon I2 the 1 values for the radtonuchde under study are Pu- 

239,1=287 * 10dyr',Pu-241 1,=00481 yr' andAm-241,1,=00016yr4 

Several assumpuons were made in order to compute the Am-24llPu-239+240 acuvity rauo in 

the sods at RFETS First, the total amount of Pu released to the environment did not exceed 86 

grams (Seed et al 1971) Second, the weight percent of Pu-239+240 was 99 6 (Krey et a1 

1976), and hrd,  an equal detectlon coefficients (c) for the isotopes under study Using 

equauons I1 I3 and I4 the activity of Pu-239+240 35 yrs after the first release was DQ+w) = 

6 2 * loi* Assummg that the weighted percent ot Pu-241 was 0 4 and that the initial weighted 

percent of Am-241 was 10' (Krey et a1 1976) the achvity of Am-241 after 35 vrs since the 

irubal release was calculated to be (usmg equatlon 17 and neglecung its second term) A,,, = 

1 066 * 10" So the calculated ratlo of A111-241/Pu239+24O is 0 17 

A condihon of non-equilibnum exms between Pu-241 ---> Am-241 because the parent 

isotope is shorter-lived (t,n = 14 4 yrs) than the daughter isotope (t,n = 433) In 3 case of non- 

equilibnum the ume (tm) that it  takes for the daughter isotope to reach its maurnurn actlvity 

can be calculated by differentlatmg 

equatlon I7 
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Settmg dN/dt = 0 when t = t, and rearranging 

Solvlng equabons I2 for 1, and 4 and I9 for tm suggests that Am-241 will reach its maxmum 

actlvity by the year 2032 These calculauons agreed well with Krey et a1 (1976) who estlmated 

in 1975 that Am-241 acuvity in the soils of RFETS will reach a maximum in the year 2033 and 

the Am-241/Pu239+240 rauo will reach 0 18 

I 
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Figure 1 The locations of soil samples in OU 1,2, & 3 

Figure 2 The ccdf of Am-241 actlvity (pCdg) in soils around RFETS 

Figure 3 Inchcator vanograms and models for the 8 cutoffs 

Figure 4 E-type estlmate of Am-241 

Figure 5 The ccdf of Am-241 acttvlty (pCdg) m soils that represent background locations 

Figure 6 A contour map of the probabhttes that the unknown Am-241 activity exceeds the background concentratlon 
of 0 01 pcdg 

Figure 7 A contour map of the probabihes that the unknown Am-241 activity exceeds the PPRG of 2 37 pCdg 
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